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ABSTRACT 
 
MEASURING MEANINGFUL LEARNING IN THE UNDERGRADUATE CHEMISTRY 
LABORATORY 
 
by 
 
Kelli R. Galloway 
 
The undergraduate chemistry laboratory has been an essential component in chemistry 
education for over a century. The literature includes reports on investigations of singular aspects 
laboratory learning and attempts to measure the efficacy of reformed laboratory curriculum as 
well as faculty goals for laboratory learning which found common goals among instructors for 
students to learn laboratory skills, techniques, experimental design, and to develop critical 
thinking skills. These findings are important for improving teaching and learning in the 
undergraduate chemistry laboratory, but research is needed to connect the faculty goals to 
student perceptions. This study was designed to explore students’ ideas about learning in the 
undergraduate chemistry laboratory. Novak’s Theory of Meaningful Learning was used as a 
guide for the data collection and analysis choices for this research. Novak’s theory states that in 
order for meaningful learning to occur the cognitive, affective, and psychomotor domains must 
be integrated. The psychomotor domain is inherent in the chemistry laboratory, but the extent to 
which the cognitive and affective domains are integrated is unknown. For meaningful learning to 
occur in the laboratory, students must actively integrate both the cognitive domain and the 
affective domains into the “doing” of their laboratory work. The Meaningful Learning in the 
Laboratory Instrument (MLLI) was designed to measure students’ cognitive and affective 
expectations and experiences within the context of conducting experiments in the undergraduate 
chemistry laboratory. Evidence for the validity and reliability of the data generated by the MLLI 
were collected from multiple quantitative studies: a one semester study at one university, a one 
semester study at 15 colleges and universities across the United States, and a longitudinal study 
where the MLLI was administered 6 times during two years of general and organic chemistry 
laboratory courses. Results from these studies revealed students’ narrow cognitive expectations 
for learning that go largely unmet by their experiences and diverse affective expectations and 
experiences. Concurrently, a qualitative study was carried out to describe and characterize 
students’ cognitive and affective experiences in the undergraduate chemistry laboratory. Students 
were video recorded while performing one of their regular laboratory experiments and then 
interviewed about their experiences. The students’ descriptions of their learning experiences 
were characterized by their overreliance on following the experimental procedure correctly 
rather than developing process-oriented problem solving skills. Future research could use the 
MLLI to intentionally compare different types of laboratory curricula or environments. 
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CHAPTER 1: 
INTRODUCTION 
Numerous reviews on chemistry laboratory learning begin with a statement about the 
centrality of the teaching laboratory to chemistry education citing the consensus among 
chemistry educators that the laboratory is an essential component to the undergraduate chemistry 
curriculum (Hofstein and Lunetta, 1983; Tobin, 1990; Lazarowitz and Tamir, 1994; Nakhleh et 
al., 2002; Hofstein and Lunetta, 2004; Hofstein and Mamlok-Naaman, 2007; Reid and Shah, 
2007; Elliot et al., 2008; Sevian and Fulmer, 2012). In addition, the National Science Teachers 
Association (NSTA) and the American Chemical Society (ACS) Committee on Professional 
Training have issued explicit statements about the place of the teaching laboratory in 
undergraduate education: 
 
“All introductory courses should include labs as an integral part of the science 
curriculum.” (NSTA, 2007) 
“Chemistry is an empirical science that requires the safe and effective physical 
manipulation of materials, equipment, and instrumentation. This hands-on 
expertise cannot be developed through virtual laboratory exercises. Virtual labs 
may supplement hands-on laboratory exercises, but they must not replace them.” 
(2015 Guidelines for Undergraduate Professional Education in Chemistry) 
 
The idea that the laboratory is essential to chemistry education is not only a widely held belief 
among chemistry educators, but its presence is mandatory for ACS certified degrees in 
chemistry. This widely held belief leads to the question of why do chemists consider the 
laboratory essential?  
To answer that question, one can look to the evolution of chemistry as a discipline and as an 
educational pursuit. Elliott et al. (2008) detailed the history of the university laboratory dating 
back to laboratory instruction of the early 19th century. The early chemical laboratories are 
exemplified by Justus Freiherr von Liebig whose research interests focused on analysis of 
organic substances (Reid and Shah, 2007; Elliott et al., 2008). While not the only chemistry 
laboratory at the time, the style of Liebig’s laboratory was influential for future teaching 
laboratories (Good, 1936). With an increasing amount experimental data to collect, Liebig 
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needed more hands to carry out the analysis. Similar to an apprenticeship model, students began 
training in Liebig’s laboratory to carry out hundreds of analyses each year (Elliott et al., 2008). 
The younger students were mentored by older students who worked more closely with Liebig to 
develop the original research ideas. This model mirrors many of the graduate programs of 
today’s universities (Elliott et al., 2008). At the time, colleges and universities were beginning to 
be established in the newly independent United States and quickly established schools of science 
influenced by Liebig’s model of apprenticeship (Elliott et al., 2008). When laboratory experience 
became a requirement for college admission, high school curriculum was directly affected, and 
developments began for teaching laboratories in high schools. By the turn of the 20th century, the 
teaching laboratory had become a basic part of the chemistry curriculum.  
Laboratory work in schools in the early 20th century became a place where students were 
given a hands-on experience with phenomena (Hofstein and Lunetta, 1982; Tobin, 1990). As 
Reid and Shah (2007) commented, the teaching laboratory “played a vital role in confirming the 
theory which was already taught in the classroom” (p. 173). Elliot et al. (2008) noted the 
deviation by high school laboratory curriculum from Liebig’s style of inquiry and problem-based 
experiments to more expository in nature (Domin, 1999). Liebig’s model introduced students to 
conducting experiments to solve novel problems rather than carrying out an exercise where the 
intended end result may be already known, sometimes to both the teacher and the student (Tobin, 
1990; Elliott et al., 2008). The model created in Liebig’s laboratory may not be reasonable for 
today’s undergraduates because the complex problems that chemists currently work on require 
complex tools and techniques that are beyond novice undergraduates (Elliott et al., 2008). Yet, if 
the laboratory is still considered integral to the chemistry curriculum, the question remains as to 
whether it possible for students to develop the necessary skills to become a scientist. 
In E. B. Spear’s (1915) commentary entitled “Problems in the Experimental Pedagogy of 
Chemistry,” he states that the justification to teach a particular subject is that the student would 
“[acquire] useful information or that it is well adapted for developing him mentally” (p. 231). 
Spear goes on to argue that anyone familiar with chemistry would “scarcely doubt” the potential 
of chemistry to “increase the mental capacity of the pupil” because: 
 
“In addition to a large number of very desirable facts, it offers excellent 
opportunities for training in manipulation, in specifically directed and intensive 
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observation, in the correlation of ideas, and in logical reasoning. It should also 
stimulate the visualizing and creative imagination, foster the spirit of 
investigation and verification, and contribute toward the development of the so-
called scientific spirit which, in the last analysis, is none other than the desire for 
truth.” (p. 231) 
 
Spear’s ideas of the valuable learning opportunities available in the chemistry laboratory are 
consistent with current ideas found in the literature. Hofstein and Lunetta (1982) note that 
educational researchers emphasize the uniqueness of the laboratory to teach the processes of 
investigation and inquiry. Tobin (1990) wrote that the laboratory allows students to “engage in a 
process of constructing knowledge by doing science” (p. 405). Almost a century after Spear, the 
NSTA continues to advocate for the inclusion of undergraduate laboratories. In their statement 
on the integral nature of the laboratory, the NSTA (2007) listed potential benefits of laboratory 
instruction: 
 
“Laboratory experiences should help students learn to work independently and 
collaboratively, incorporate and critique the published work of others in their 
communications, use scientific reasoning and appropriate laboratory techniques 
to define and solve problems, and draw and evaluate conclusions based on 
quantitative evidence. Labs should correlate closely with lectures and not be 
separate activities. Exposure to rigorous, inquiry-based labs at the college level 
also is important because most teachers develop their laboratory teaching 
techniques based on their own college coursework laboratory experiences.” 
(NSTA, 2007) 
 
Similar to Spear, the statement from the NSTA does not identify specific chemistry concepts 
to be learned through the laboratory experience. Rather, it identifies skills such as critical 
thinking, communicating results, problem solving, and making evidence-based conclusions as 
the potential benefits of laboratory learning. 
Despite the general belief in the learning opportunities available in the undergraduate 
chemistry laboratory, cases have been constructed over the years against the inclusion of the 
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laboratory in the undergraduate chemistry curriculum. These arguments have even reached the 
desks of university administrators with the intent of limiting laboratory activities or cutting the 
laboratory component of the undergraduate curriculum altogether. The major critique of the 
undergraduate chemistry laboratory is that it is too expensive for the lack of learning that appears 
to taking place (Kirschner and Meester, 1988; Hilosky et al., 1998; Hawkes, 2004). Other 
arguments against the laboratory include, but are not limited to: 
 An overemphasis on laboratory work can lead “to a narrow conception of science” 
(Hofstien and Lunetta, 1982, p. 203; Hawkes, 2004; Reid and Shah, 2007) 
 Laboratory work that verifies a concept already known to the student decreases 
motivation, “providing a disservice to both the student and the discipline” (Kirschner 
and Meester, 1988, p. 84) 
 Too many of the experiments performed by the students are trivial in nature (Hofstein 
and Lunetta, 1982; Kirschner and Meester, 1988) 
 Yet, non-trivial experiments are often too complex for the allotted amount of time 
(Kirschner and Meester, 1988) 
 Too easy to perform practical work that does not involve any thinking at all (Kirschner 
and Meester, 1988) 
 Absence of expert model of how to carry out experiment (Kirschner and Meester, 1988) 
While spoken, these claims are often unsubstantiated (Nakhleh et al, 2003). Rather, there is 
little evidence in support for or against the laboratory. As Hofstein and Lunetta (1982) stated in 
their seminal review, “researchers have not comprehensively examined the effects of laboratory 
instruction on student learning and growth in contrast to other modes of instruction, and there is 
insufficient data to confirm or reject convincingly many of the statements that have been made 
about the importance and the effects of laboratory teaching” (p. 212). In their follow-up review 
two decades later, Hofstein and Lunetta (2003) acknowledge the progress, but sustained the call 
for the evidence to “inform the development of strategies, protocols, and resources for teaching” 
in the laboratory (p. 47). There continues to be a need to gather evidence to make any claim 
about the effects of laboratory instruction. 
Some researchers have responded to the call for research on laboratory learning. Recent 
reports have investigated the effects of pre-lab lecture vs post-lab lecture (Jalil, 2006), peer-led 
learning (McCreary et al., 2006), effects of simulations (Woodfield et al., 2004; Woodfield et 
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al., 2005; Hawkes and Phelps, 2013), students’ interactions with laboratory instruments (Malina 
and Nakhleh, 2003; Miller et al., 2004), and increased course grades and retention with 
concurrent lab and lecture enrollment (Matz, et al., 2012). Other reports have studied the efficacy 
of reformed laboratory curricula including Model-Observe-Reflect-Explain (MORE) (Tien et al, 
2007; Teichert et al., 2008), problem-based learning experiments (Domin, 2007), cooperative 
learning (Cooper and Kerns, 2006; Sandi-Urena et al., 2011b; Sandi-Urena et al., 2011c; Sandi-
Urena et al., 2012), and research-based curricula including the CASPiE project (Weaver et al. 
2006; Russell and Weaver, 2011; Szteinberg and Weaver, 2013) and others (Winkelmann et al., 
2015). Additionally, there have been studies focusing on the laboratory instructor, including 
faculty goals for laboratory instruction (Bruck et al, 2010; Bretz et al., 2012; Bruck and Towns, 
2013) and the role and development of the graduate teaching assistant (Herrington and Nakhleh, 
2003; Sandi-Urena et al., 2011; Sandi-Urena and Gatlin, 2013; Wheeler et al., 2015). These 
studies have explored general chemistry, organic chemistry, and upper division courses including 
inorganic qualitative analysis and instrumental analysis using quantitative, qualitative, or a 
mixed-methods research design. The quantitative studies measured learning in different ways, 
from multiple choice or short answer surveys to final grades. In addition, few studies were driven 
by a learning theory framework. These considerations limit the transferability of the results.  
While these reports advance the body of literature on student learning in the undergraduate 
chemistry laboratory, no study has yet investigated students’ perceptions of their learning as it 
currently exists. These previous studies have selected a particular part of the curriculum to 
investigate or chosen to reform the curriculum without first seeking to understand the students’ 
perceptions of learning within the laboratory. Just as teachers need to ascertain students’ prior 
knowledge before teaching a new unit, students’ ideas about learning in the laboratory need to be 
measured in order to develop instructional materials to bridge the gap between instructor goals 
and student expectations. This study investigated student’ perceptions of their cognitive and 
affective experiences in the undergraduate chemistry laboratory to generate evidence regarding 
the effects of the laboratory on chemistry learning. 
Purpose & Significance 
The purpose of this study was to explore how students perceive their learning in the 
undergraduate chemistry laboratory. This study was influenced by multiple suggested areas of 
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research named in the National Research Council’s (NRC) report on Discipline-Based Education 
Research (DBER) (2012) including that “the role of the chemistry laboratory in student learning 
has gone largely unexamined” (p. 132), “researchers and instructors should not consider 
cognitive and affective development apart from each other” (p. 158), and that “it would be 
helpful to have instruments for assessing skills that well-designed laboratory instruction can 
promote” (p. 201).  In order to study student learning in the laboratory, the learning theory 
framework of Novak’s Theory of Meaningful Learning was selected to guide the research design 
and analysis. Novak’s theory states that “meaningful learning underlies the constructive 
integration of thinking, feeling, and acting leading to human empowerment for commitment and 
responsibility” (Novak, 2010, p. 18). Thus, as the students are inherently engaged in the 
psychomotor aspects of learning in the laboratory (the “doing” of laboratory), this study sought 
to understand students’ cognitive (thinking) and affective (feeling) learning experiences in the 
undergraduate chemistry laboratory.  The research questions written to guide this study were: 
1. What cognitive and affective experiences do students identify as meaningful to their 
learning in an undergraduate chemistry laboratory course? 
2. In what ways do these experiences change as students learn more chemistry? 
3. What are the implications for promoting meaningful learning and designing instruction in 
the undergraduate chemistry laboratory? 
To answer these questions, a sequential, explanatory, mixed-methods research protocol was 
designed (Towns, 2008). First, a quantitative assessment tool was developed and administered to 
university laboratory students. Then, a qualitative research protocol was designed to seek a thick 
description (Geertz, 1978) of students’ learning experiences in the undergraduate chemistry 
laboratory and to offer supporting evidence for the quantitative findings. 
Boundary Conditions 
There are many factors that influence student learning in the laboratory as well as the design 
and implementation of laboratory instructions. In order to focus the study, boundaries were set. 
This study examined undergraduate students, more specifically, general and organic 
undergraduate chemistry students, but did not investigate high school chemistry students’ 
experiences. Both chemistry majors and non-chemistry majors were invited to participate in the 
quantitative study, but only non-chemistry majors were invited to participate in the qualitative 
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study due to scheduling conflicts. As Elliott et al. (2008) noted, “the nature of laboratory 
instruction in chemistry from institution to institution, and even between laboratory courses 
within an institution, has become widely divergent.” This study did not seek to characterize the 
individual curricula at each participating school, nor to attribute specific findings to certain 
aspects of laboratory instruction. Instead, this study sought to characterize learning from the 
students’ perceptions.  
Organization 
The results from this research have been published in six manuscripts. At the time of 
submission of this dissertation, all of these manuscripts have been submitted for publication. 
Three manuscripts have been published, one has been revised after peer review and resubmitted, 
and two are currently in review. These manuscripts are divided among the next three chapters of 
this dissertation. Instead of a literature review chapter, the literature review is distributed across 
each of the manuscripts. Chapter 2 is the development of the Meaningful Learning in the 
Laboratory Instrument (MLLI). Chapter 3 is a compilation of manuscripts for the quantitative 
studies: cluster analysis from the full study, the national sample data collection and analysis, and 
the longitudinal sample data collection and analysis. Chapter 4 is consists of two qualitative 
manuscripts – one focusing on students’ descriptions of their affective experiences in the 
undergraduate chemistry laboratory and one on video data collection, interviews, and analysis. 
The final chapter, Chapter 5, is a summary and synthesis of the conclusions from this collection 
of studies. 
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CHAPTER 2: 
DEVELOPMENT OF THE MEANINGFUL LEARNING IN THE LABORATORY 
INSTRUMENT (MLLI) 
Reprinted with permission from Galloway, K. R.; Bretz, S. L. (2015). Development of an 
assessment tool to measure students’ meaningful learning in the undergraduate chemistry 
laboratory. Journal of Chemical Education. 92(7), 1149-1158. Copyright 2015 American 
Chemical Society. http://pubs.acs.org/doi/abs/10.1021/ed500881y 
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CHAPTER 3: 
QUANTITATIVE STUDIES 
 
 Galloway, K. R.; Bretz, S. L. (2015). Using cluster analysis to characterize 
meaningful learning in a first-year university chemistry laboratory course. 
Chemistry Education Research and Practice, 16(4), 879-892. - Reproduced by 
permission of The Royal Society of Chemistry. 
http://pubs.rsc.org/en/content/articlelanding/2015/rp/c5rp00077g#!divAbstract 
 Reprinted with permission from Galloway, K. R.; Bretz, S. L. (2015). Measuring 
meaningful learning in the undergraduate chemistry laboratory: A national, cross-
sectional study. Journal of Chemical Education. Article ASAP. 
DOI:10.1021/acs.jchemed.5b00538. Copyright 2015 American Chemical Society. 
http://pubs.acs.org/doi/abs/10.1021/acs.jchemed.5b00538 
 Reprinted with permission from Galloway, K. R.; Bretz, S. L. (2015). Measuring 
meaningful learning in the undergraduate chemistry laboratory: A longitudinal 
study. Journal of Chemical Education. In Review. Copyright 2015 American 
Chemical Society. 
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Measuring Meaningful Learning in the Undergraduate 
General Chemistry and Organic Chemistry Laboratories:  
A Longitudinal Study 
Kelli R. Galloway, Stacey Lowery Bretz* 
Department of Chemistry & Biochemistry, Miami University, Oxford, OH, 45056, United States 
 ABSTRACT 
Understanding how students learn in the undergraduate chemistry teaching laboratory is 
an essential component to developing evidence-based laboratory curricula. The Meaningful 
Learning in the Laboratory Instrument (MLLI) was developed to measure students’ cognitive 
and affective expectations and experiences for learning in the chemistry laboratory. Previous 
cross-sectional studies in both general and organic chemistry laboratory courses have shown 
trends where cognitive expectations go unfulfilled and affective expectations and experiences 
are diverse among all students. Based on these previous findings, a longitudinal study was 
carried out to explore how students’ ideas about laboratory learning change over two years of 
chemistry laboratory instruction. The data were analyzed using multiple visualizations, 
inferential statistics, and cluster analysis. Findings from this study supported previous 
findings from the cross-sectional studies. In addition, it was found that students ‘reset’ their 
expectations for organic chemistry laboratory, meaning they indicated high expectations for 
learning, despite unfulfilled expectations in their general chemistry laboratory. Further findings 
and their implications are discussed within the context of Novak’s theory of meaningful 
learning. 
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Chemistry Education Research, Testing/Assessment, Laboratory Instruction, First-Year 
Undergraduate/General, Second-Year Undergraduate, Organic Chemistry, Hands-On 
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INTRODUCTION 
The Meaningful Learning in the Laboratory Instrument (MLLI) is a novel assessment tool 
designed to measure students’ cognitive and affective expectations and experiences across a 
semester of an undergraduate chemistry laboratory courses.1 Previously, the MLLI has been 
used to collect cross-sectional student data from general (GC) and organic chemistry (OC) 
laboratory courses both at a single university and across multiple universities.1-2 Similar 
results were found both at the single institution and in the multi-university study, and the 
data from these studies showed interesting trends across a single semester of GC and OC 
laboratory courses. Namely, students have high cognitive expectations that go unmet from 
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their laboratory experiences; students have disparate affective expectations and experiences 
where students change different in their affective perceptions of learning across the semester.1-
2 Cluster analysis from both studies found student groupings in need of attention, especially 
two particular clusters - the students with low expectations and subsequent low experiences 
(‘Low’ cluster) and students with high expectations but unexpected low experiences (‘Change’ 
cluster).2-3 The expectations for GC and OC students were similar for the cross-sectional study 
despite reporting experiences that did not meet those initial expectations. As both studies were 
cross-sectional (data were simultaneously collected from students in GC and OC), a question 
remained as to whether similar findings would exist in a truly longitudinal study, i.e., by 
following the same students through GC and OC. In particular, the extent to which students’ 
experiences in the second semester of GC lab aligned with their OC expectations was of 
interest, as was how their cognitive and affective perceptions of learning changed as they 
learned more chemistry and gained more experience in the undergraduate chemistry 
laboratory. 
Longitudinal Studies 
White and Arzi define a longitudinal study as “one in which two or more measures or 
observations of a comparable form are made of the same individuals or entities over a period of 
at least one year” (p 138).4 The focus in this definition is the length of time and measurements 
of the same nature. The suggested length of time for a longitudinal study is around one year 
due to the organization of the school schedule and to allow for enough time to see change and 
maturation.4-5 Second, the observations should be comparable if not identical in nature. This is 
not to say that studies carried out over the course of a single semester with multiple 
measurements are not beneficial; those studies do have implications for teaching and research. 
The most important choice in designing a research study involves articulating a specific 
research question and choosing research methods that adequately align with the question. 
Longitudinal studies do have unique challenges that can pose threats to the validity of the 
findings, including time, resources, and attrition.4-5 When handled well, however, the benefits 
of longitudinal studies can outweigh the costs. As White and Arzi point out, “only longitudinal 
studies can show whether early change in learning or any other educational process is 
permanent or volatile, and whether it leads on to further development” (p. 147).4  
Using this definition, few longitudinal studies have been documented in the science and 
chemistry education literature. The longitudinal studies in the literature can be categorized as 
measuring solely cognitive6-13 or solely affective14-17 variables, sampling adolescents6-8,12,14 or 
undergraduate students9-11,13,15-17, and comparing an intervention6,8-13 or exploring a 
phenomena7,14-17. Of this last category, White & Arzi call the former “experiments” as they seek 
to evaluate an intervention and the latter “descriptions” as they seek to gather information of 
“unfolding events or the development of knowledge or behavior” (p. 139).4 With regard to the 
longitudinal studies that measure cognitive variables, some are experimental and others are 
descriptive. The descriptive studies tend to focus on conceptual change and how adolescents 
develop scientifically accurate ideas over time. For example, Øyehaug and Holt interviewed 4 
middle school students over two years to learn how the students’ ideas about matter and 
chemical reactions evolved over time.12 The experimental studies measuring cognitive variables 
included the comparison of two teaching methods for middle school chemistry and evaluating 
the effectiveness of Peer-Led Team Learning across a year of GC.6,11 These studies used final 
exams to assess the effectiveness of the reforms.  
Several of the longitudinal studies measuring affective variables were descriptive in nature. 
In the social psychology literature, longitudinal studies tend to investigate motivation, self-
esteem, or other affective variables from childhood through adolescence.14 In science 
education, many studies focused on the development of underrepresented students in 
chemistry, including females and minorities, as these types of studies are useful in furthering 
research on retention in chemistry. Robnett et al. measured students’ self-efficacy and identity 
as a scientist in relation to their research experience as an undergraduate across two years.17 
Findings from Robnett et al. found that students’ identities as scientists were predicted by their 
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research experience and that the relationship between identity and research experience was 
mediated by science self-efficacy.17 Marra et al. investigated women’s experiences as 
engineering students.15 The multi-year study measured self-efficacy twice over two years and 
found that some areas of self-efficacy increased while others decreased.15 In chemistry 
education research, Villafañe et al. conducted a repeated measures study across one semester 
of chemistry.16 While the study doesn’t fit the White & Azri definition of longitudinal (because 
the length of the study was only one semester), Villafañe et al. did collect 5 measurements of 
identical nature throughout a single semester to measure how students’ self-efficacy changes.15 
Villafañe et al. found a negative self-efficacy trend for Black and Hispanic males and a positive 
trend for Hispanic males with the implication to measure self-efficacy at different time points to 
be aware of different trends among different student groups.16 The longitudinal design of these 
studies allowed for the observation patterns and trends that might not otherwise be observed 
during a one-time or cross-sectional study. 
The literature on laboratory learning has continually called for rigorous research to 
understand how students are learning in the laboratory18-23 and give evidence for the merit of 
the undergraduate chemistry laboratory.24-25 While the research on laboratory learning has 
grown in the past few years, few longitudinal studies have been carried out in the 
undergraduate chemistry laboratory. Poock et al. followed 78 students across two semesters of 
general chemistry lab to analyze the implementation of the Science Writing Heurstic (SWH).9 
Using the total points earned in the course as the measure of academic performance, results 
showed that the SWH approach had a positive impact on student learning over the academic 
year, and that a greater gain might be evident in the first semester than the second.9 
Szteinberg and Weaver conducted a longitudinal study where they followed students who had 
participated in a research-oriented general chemistry laboratory course to understand the 
effects two and three years later.13 In comparison with the students in the more traditional 
laboratory setting, students who participated in the research-oriented course demonstrated a 
greater ability to remember and explain the work they did in their laboratory course.13 
Szteinberg and Weaver note the importance of the longitudinal study in uncovering the long-
terms effects of pedagogical innovations.13 While most calls for longitudinal studies focus on 
topics such as conceptual change, transfer, persistence of misconceptions, and retention23, a 
study into how students’ perceptions of learning change as they learn more chemistry can offer 
unique evidence to support future design of laboratory curricula.  
Meaningful Learning and Human Constructivism 
The theoretical framework guiding the research design and analysis for this study was 
Novak’s theory of meaningful learning and human constructivism.26-28 Built upon Ausubel’s 
theory, meaningful learning requires a learner to have relevant prior knowledge, for the new 
material to be presented in a meaningful way, and for the learner to choose to nonarbitrarily 
connect the new knowledge to the existing knowledge.26,28-29 Ausubel contrasted meaningful 
learning with rote learning where the learner chooses to memorize new knowledge rather than 
integrate it into prior knowledge.29 The human systems at work in the brain to make sense of 
prior and new knowledge include cognitive learning, affective learning, and psychomotor 
learning.26 Each of these systems is distinct and unique, but also connected and interactive in 
their roles for making sense of human experiences.26 Current research in cognitive psychology 
indicates that human emotion is not limited to just one area of the brain.30-31 Instead, different 
areas of the brain encode different parts of emotions where the combination of those systems 
give rise to the emotion.31 When a student is engaged in a learning activity and attempting to 
make sense of a new experience, the brain is inherently recalling previous feelings as well as 
previous thoughts and actions.  Therefore, a student’s prior experiences have a great influence 
on how they choose to act in their chemistry laboratory course. 
Because the “doing” of chemistry laboratory work is obvious and visible to students and 
instructors, the MLLI was designed to investigate the less obvious and visible domains of 
thinking and feeling while performing chemistry laboratory experiments.1 The MLLI was 
developed using a pre/post format where students are asked about their expectations for 
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learning prior to conducting laboratory work for the semester and then asked about their 
learning experiences towards the end of the semester. MLLI items were constructed to ask 
about a cognitive experience (e.g., Q3 to make decisions about what data to collect), an affective 
experience (e.g., Q9 to be nervous about making mistakes), or an experience that is both 
cognitive and affective in nature (e.g., Q20 to worry (affective part) about the quality (cognitive 
part) of my data). Students are asked to indicate their percent agreement with each MLLI item 
from 0% (Completely Disagree) to 100% (Completely Agree). Composite scores are calculated for 
the cognitive, affective, and cognitive/affective scales by reserve coding the negatively worded 
items and averaging the item responses for the items on each scale. Together, MLLI items 
measure students’ cognitive and affective perceptions about their learning experiences in the 
undergraduate chemistry laboratory. (The evidence gathered for the validity and reliability of 
the data generated by the MLLI has already been reported.1) As previous studies characterized 
students’ cognitive and affective expectations and experiences in learning chemistry in the 
laboratory during one semester both a single institution1,3 and across multiple institutions2, 
this study sought to characterize how students’ expectations and experiences change over two 
years of undergraduate chemistry instruction. 
RESEARCH QUESTIONS 
The main research question for this part of the larger research study was: how do students’ 
cognitive and affective perceptions of learning, as measured by MLLI, change as they learn 
more chemistry? The research design and analysis described in this manuscript sought to 
answer four sub-questions to the overall research question:  
R1: How do students’ cognitive and affective perceptions of learning in the undergraduate 
chemistry laboratory change over GC and OC laboratory courses? 
R2: How do students’ responses to individual MLLI items change over GC and OC 
laboratory courses? 
R3: What is the relationship between students’ initial expectations for laboratory learning 
with how their perceptions change over time? 
R4: What happened to the students in the ‘Change’ cluster from the GC pre & post cluster 
analysis? 
METHODS 
Data Collection 
The goal of this study was to investigate how students’ cognitive and affective experiences 
in the undergraduate chemistry laboratory changed across GC and OC laboratory courses. To 
do so, the MLLI was administered six times over two years using Qualtrics Survey software. 
Starting in general chemistry, the MLLI was administered during the first week of the fall 
semester prior the start of the laboratory experiments to measure students’ expectations for 
learning (pre). The MLLI was then administered at the end of the fall semester (post) and end of 
the spring semester (post-post) to measure students’ experiences regarding their laboratory 
work in the first semester and second semester GC laboratory courses, respectively. The same 
administration format was followed for organic chemistry. IRB approval was obtained prior to 
the start of data collection. 
Students were asked to give their university email address in order to match their 
responses over the two years. (After students’ responses were matched, the data file was 
stripped of identifiable information prior to analysis to ensure the confidentiality of the 
participants.) The matching of students responses allowed for direct comparison of students’ 
expectations and experiences over the two courses and six points of data collection. During the 
2013-2014 and 2014-2015 academic years, 268 students took the MLLI at least once as a GC 
student and at least once as an OC student. This manuscript will focus on the responses of the 
students who took the MLLI all six times (N=61). While analysis presented in this manuscript 
could also examine the students with missing data, the goal of this study was to examine those 
students who did take the MLLI all 6 times across the two chemistry laboratory courses. A 
power analysis was conducted to know whether sizeable, significant changes over time could be 
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detected with a sample of N=61. Using the free G*Power software, the necessary sample size to 
detect a significant medium effect with a power of 0.8 over 6 different measurements was 
calculated to be 20.32 Thus, the decision was made to move forward with the sample size of 61 
to examine how these students’ cognitive and affective perceptions of laboratory learning 
changed over time. This sample of 61 students was 75% female (greater than the course 
enrollment of approximately equal ratio male to female) and ≥80% white (similar to the 
university profile). 
Sample Description 
This research took place at a midsize liberal arts university in the Midwestern United 
States. The GC laboratory course is a two-semester sequence with both courses offered on and 
off sequence (during the fall and spring semesters). The OC laboratory courses is also a two-
semester sequence, but the first semester is only offered in the fall and the second semester is 
only offered in the spring of the academic year. Both GC and OC offer separate courses for the 
chemistry majors and for the non-chemistry majors. Concurrent enrollment in the laboratory 
and lecture course is not required for GC or OC, but it is encouraged. The target courses for 
this study were on-sequence GC and OC laboratory courses, including chemistry and non-
chemistry majors. The semesters of each laboratory course will be distinguished by GC1, GC2, 
OC1, and OC2. 
During the GC laboratory sequence, students performed 10 experiments in each of the 15 
week semesters. Students conducted experiments that were a mixture of confirmatory and 
structured inquiry with content focusing on stoichiometry, acid/base, oxidation-reduction, 
thermochemistry, quantitative analysis, and properties of gases.33-34 The students worked both 
individually and in small groups throughout the course, and they were expected to complete 
the experiments in the allotted 3-hour lab time. Students completed individual lab reports due 
the week following the experiment. The format of the lab reports were a summary sheet with 
one formal lab report during each semester. Each lab room held a maximum of 42 students 
with 2 teaching assistants per lab room. 
During the OC laboratory sequence, the students completed 9 experiments in each of the 
15 week semesters. The majority of the experiments for OC were structured inquiry, with some 
guided inquiry at the end of the semester.33-34 The topics of the experiments focused on 
teaching the techniques of extraction, separation, purification, recrystallization, TLC, IR, 
distillation, and reflux with many experiments having explicit real world connections. Students 
performed experiments in pairs with frequent collaborations in larger groups of 3-4 pairs. Lab 
work was expected to be completed within the 3 hour time block. Lab reports consisted of 
written responses to laboratory questions due within a week with the exception of two formal 
reports which were due within two weeks. Each lab room held 30 students with one teaching 
assistant per lab room. 
Data Analysis 
The first step in the analysis was calculating the descriptive statistics for each MLLI scale 
(cognitive, affective, and cognitive/affective) for each time point. A variety of plots were 
constructed to visualize the data including boxplots and scatterplots. Visualizations were 
constructed for composite variables as well as on an item level. For each item, additional plots 
were constructed, including boxplots and scatterplots that compared consecutive time points 
(GC pre vs. GC post, GC post vs. GC post-post, GC post-post vs OC pre, etc.). These plots 
allowed for exploration of how students’ perceptions of specific learning experiences changed 
over time.  
To analyze how the students’ responses changed over time, separate repeated-measures 
(RM) ANOVA models were performed for each MLLI scale. Prior to the analyses, the 
assumptions for the RM ANOVA were examined, including independent random sampling, 
multivariate normal distributions, homogeneity of variance, and homogeneity of covariance 
(sphericity).35 Normality was assessed with the Shapiro-Wilk test and the homogeneity of 
variance was assessed with Levene’s Test. Both showed some deviation, but the RM ANOVA is 
not as sensitive to departures from normality or to some heterogeneity of variance.35 
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Homogeneity of Covariance was assessed using Mauchly’s Test of Sphericity. The results 
showed violations in sphericity for each scale, and the Greenhouse-Geisser corrected degrees of 
freedom was used to determine the critical F value.35 Prior to conducting the RM ANOVA, the 
decision was made to conduct 6 post-hoc dependent t-tests of the 15 total possible 
comparisons. Due to the sphericity violation, a conservative post-hoc correction was applied 
using the Bonferroni adjustment. The Bonferroni corrected alpha for the post-hoc comparisons 
was 0.0083. Adjusting alpha for pairwise comparisons helped to control for Type 1 error.35 If 
the alpha were not adjusted with multiple statistical tests conducted on the same data, then 
the Type 1 error rate would be arbitrarily inflated, and significant results could be found when 
there actually were not any. The Bonferroni adjustment is one of the most conservative 
techniques35 but was chosen in this case due to the violation of sphericity and the choice to 
conduct only 6 of the 15 possible pairwise comparisons. Appropriate effect sizes were 
calculated for the omnibus test and the pairwise comparisons to indicate the degree of 
difference in the measurements. Students voluntarily participated in the study, so conclusions 
should be drawn cautiously. 
Previous work has shown that students’ cognitive and affective perceptions of their learning 
change differently over a semester of GC and OC.2-3 As these students were followed across 
both courses in this study, the question arose as to whether similar patterns remained. The 
previous work clustered students based only on their pre and post averages for one semester 
as those were the only data points available for those students. One major finding from those 
studies was that students’ expectations governed what the students experienced in their 
chemistry laboratory courses, especially for the affective scale.2-3 This finding has also been 
reported in science education and social psychology research.36-37 Thus, because the current 
study analyzed how students perceive their learning, the decision was made to cluster students 
based only on their GC expectations. In this way, analysis sought to investigate how students 
responded to the MLLI throughout GC and OC based on their initial expectations. Using 
students’ pre cognitive and affective averages, students were clustered using a Hierarchical 
Agglomerative procedure with Ward’s method as the linkage technique and squared Euclidean 
distance for the dissimilarity measure.38-39 Hierarchical agglomerative clustering allows for the 
creation of clusters when theory does not suggest a specific a number of clusters a priori.38 
Because each step of the hierarchical agglomerative clustering is irrevocable, Ward’s method 
was used to minimize the within groups differences and maximize the between groups 
differences.38-39 Squared Euclidean distance was selected at the dissimilarity measure because 
as the clustering variables are continuous in nature, the squared Euclidean distances can be 
interpreted as physical distances between points in Euclidean space.38 The solution was 
analyzed for distinctiveness and interpretability of the clusters.40-46 Then, a mixed methods 
ANOVA was conducted using cluster membership as the between groups variable to find out if 
these clusters with distinct expectations for learning change their perceptions over their two 
years of laboratory course. The assumptions for these tests are similar to those of the RM 
ANOVA and were assessed prior to analysis.35 An additional power analysis was conducted 
prior to this inferential test as well. Using G*Power, to detect significant medium effects with a 
power of 0.8 over 6 different measurements with multiple groups, the total sample size was 
calculated to be 20-32 (depending on the number of clusters as suggested by the cluster 
analysis).32 
The results from the previous cluster analysis of MLLI student responses, both at a single 
institution and across multiple institutions, revealed four clusters of GC students based upon 
their pre and post-test responses.2-3 Three clusters were sequential in nature as one had low 
responses overall (‘Low’), one had high responses overall (‘High’), and one had responses 
between Low and High (‘Mid’). The fourth cluster had high expectations for their laboratory 
experiences that went largely unfulfilled by their experiences (‘Change’). The results from these 
studies raised additional questions, namely about the Change cluster. Accordingly, the data 
collected for this study examined whether those students who continued reported similar 
expectations and experiences in year 2 or re-calibrated their expectations for future chemistry 
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laboratory courses. Those students belonging to the Change cluster who participated in MLLI 
data collection all 6 times were identified, and their responses patterns were analyzed.  
RESULTS & DISCUSSION 
RQ1: How do students’ cognitive and affective perceptions of learning in the undergraduate chemistry 
laboratory change over GC and OC laboratory courses? 
Descriptive Statistics 
Table 1 displays the descriptive statistics for the cognitive, affective, and cognitive/affective 
scales across for each of the six time points. The distributions of the responses are shown by 
boxplots in Figure 1. Additional scatterplots are available in the Supporting Information. From 
the summary statistics and the boxplots, the cognitive scores have the smallest spread of the 
three scales, but the cognitive variation does appear to increase over time. The affective scores 
have the greatest variations across all time points while the spread for the cognitive/affective 
scores remain similar over time. OC post test has the greatest variation for affective and 
cognitive/affective, and OC post-post test shows the lowest averages for all three variables.  
 
Table 1. Descriptive Statistics for MLLI Responses Over Four Semesters. 
 Response Meansa (SD) by Measurement Time (N = 61) 
Scale GC Pre GC Post GC Post-post OC Pre OC Post OC Post-post 
Cognitive 71.6 (8.7) 64.4 (10.4) 61.4 (12.3) 68.8 (10.2) 58.6 (13.6) 56.0 (14.2) 
Affective 53.2 (14.4) 56.4 (18.3) 51.0 (18.0) 50.0 (16.7) 46.6 (21.2) 45.5 (17.9) 
Cognitive/
Affective 
54.2 (12.5) 48.6 (13.3) 41.0 (13.5) 48.8 (13.4) 43.1 (16.0) 40.1 (13.9) 
a.Scale responses range from 0% to 100%.  
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Figure 1. Boxplots of cognitive, affective, and cognitive/affective averages across GC and OC. 
 
Analysis of Change Over Time 
A repeated measures ANOVA (RM ANOVA) was conducted for each scale to analyze the 
change over time. The omnibus test showed significant decreases for each variable with effect 
sizes ranging from small for affective to large for cognitive and cognitive/affective (Table 2). To 
examine the changes between each consecutive pair of time points, 6 post-hoc dependent t-
tests were conducted with a Bonferroni corrected alpha of 0.0083. The selected post-hoc 
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analyses compared consecutive points (pre vs. post, post vs. post-post, etc), as well as 
expectations for GC vs. OC. The rationale for comparing GC post-post and OC pre was to see 
how students’ expectations for OC were influenced by their prior knowledge (i.e., their 
experiences in GC laboratory).  
 
Table 2. One-way repeated measures ANOVA models for each MLLI scale. 
Scale RM ANOVA 
Cognitive Wilks’s  = 0.40, F(5, 300) = 30.3, p≤0.0001, =0.69 ,2p = 0.34 
Affective Wilks’s  = 0.67, F(5, 300) = 6.55, p≤0.0001, =0.85, 2p = 0.10 
Cognitive/Affective Wilks’s  = 0.45, F(5, 300) = 17.8, p≤0.0001, =0.79, 2p = 0.23 
 
The results for the post-hoc comparisons are reported in Table 3. For the cognitive scale, 
there were large, significant differences between GC pre & GC post and between OC pre & OC 
post. Students indicated high expectations for cognitive learning in their laboratory courses 
that went unfulfilled by their experiences. Interestingly, there was a large, significant increase 
from GC post-post to OC pre. Despite students’ responses that their cognitive experiences were 
less than they expected in GC, they reported high expectations for OC. While there is a medium 
effect size for the difference between GC expectations and OC expectations, this difference was 
not significant with the Bonferroni corrected alpha of 0.0083.47-48 Students ‘reset’ their 
cognitive expectations for OC, despite their unmet expectations during both semesters of GC, 
but not to the level of expectation they had at the start of GC. Thus, at the start of a new 
course in their second year, students expected to carry out behaviors consistent with those 
necessary for meaningful learning to occur, i.e. they expected to engage cognitively while 
performing their laboratory experiments as indicated by their high cognitive expectations. The 
changes from post to post-post for both courses were not significant, indicating that students 
reported similar experiences in both semesters of the laboratory course. 
The post-hoc comparisons for the affective scale showed no significant changes within the 
boundaries of the Bonferroni corrected alpha. There was a medium sized decrease from GC 
post to GC post-post, but this change was not significant by the Bonferroni corrected alpha to 
protect from Type 1 error.47-48 As shown in Figure 1, the spread for the affective averages 
remained large with a median consistently between 45 and 55 percent agreement across all 
time points. One explanation for this result is that while the omnibus ANOVA detected 
individual changes over time, within each pairwise comparison, the number of students who 
increased in their affective average was nearly equal to the number of students who decreased. 
(Scatterplots comparing consecutive MLLI administrations can be found in the Supporting 
Information.)  
For the cognitive/affective pairwise comparisons, significant changes were detected for all 
conducted tests except one. Cognitive/affective responses decreased throughout GC. For the 
GC to OC transition, students indicated higher expectations for learning than they reported 
experiencing in the previous course, but not as high as their GC expectations. During the first 
semester of OC, these high expectations went unfulfilled. The only nonsignficant pairwise 
comparison for the cognitive/affective scale showed that students’ experiences remain 
unchanged across both semesters OC lab. 
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Table 3. Post-hoc comparisons between courses. 
 Cognitive Affective Cognitive/Affective
Pairwise 
Comparison 
t p 2 t p 2 t p 2
GC pre vs. 
GC post 
5.624 0.0001* 0.345 -1.429 0.158 0.033 3.113 0.003* 0.139 
GC post vs. 
GC post post 
2.406 0.019 0.088 2.619 0.011 0.103 4.753 0.0001* 0.274 
GC post post vs. 
OC pre 
-5.236 0.0001* 0.314 0.493 0.624 0.004 -5.252 0.0001* 0.315 
OC pre vs. 
OC post 
5.989 0.0001* 0.374 1.561 0.124 0.039 3.131 0.003* 0.140 
OC post vs. 
OC post post 
1.636 0.107 0.043 0.515 0.608 0.004 1.860 0.068 0.055 
GC pre vs. 
OC pre 
2.715 0.009 0.109 1.589 0.117 0.040 3.095 0.003* 0.138 
*Significant p value at the Bonferroni corrected alpha of 0.0083.  
 
RQ2: How do students’ responses to individual items change over GC and OC laboratory courses? 
Analysis of each MLLI item using various visualizations revealed some items with similar 
response patterns across GC and OC while other items showed that students’ responses 
changed over time. Example items are discussed below. 
Items with similar patterns across both GC and OC indicated that students had similar 
expectations and similar experiences for both courses. Items with this response pattern 
included item 7 (learn critical thinking skills), 8 (excited to do chemistry), and 15 (procedures 
to be simple to do) (descriptive statistics are provided in Table 4). For item 7, students had high 
expectations about learning critical thinking skills. While students indicated an overall 
agreement for this experience during both semesters of GC and OC, the average percent 
agreement for the experience was 15-20% below the expected. Students expected to learn 
critical thinking skills during their chemistry laboratory courses, but they did not report 
meeting those expectations during GC or OC. Item 8 revealed even more pronounced 
differences between expectations and experiences. Again, students started both semesters with 
high expectations to be excited to do chemistry. Yet, when students reported their actual 
experiences in the chemistry laboratory, the majority of students reported experiences that did 
not meet their expectations. Interestingly, the high expectations to learn critical thinking skills 
and to be excited to chemistry in OC, despite not experiencing them in GC, is promising as it 
suggests that students may remain open to new experiences. Both of these items showed an 
increased spread of responses for the post and the post-post of each year indicating diverse 
perceptions of their experiences, despite similar expectations and being students in the same 
laboratory courses. The similar patterns of these two items could indicate an opportunity lost 
by both students and instructors. The students may lose an opportunity for meaningful 
learning while the instructor may lose the opportunity to capitalize upon students’ expectations 
to learn meaningfully. If students have expectations to be excited to do chemistry and to 
learning critical thinking skills, then the instructor has a responsibility to follow through by 
designing the curriculum in such a way that the student can choose to engage in those 
experiences. 
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Table 4. Descriptive Statistics for Items with Similar Patterns Across GC and OC. 
 Response Meansa (SD) by Measurement Time (N=61) 
Items 
GC 
Pre 
GC 
Post 
GC 
Post-
post 
OC 
Pre 
OC 
Post 
OC 
Post-
post 
#7 – learn critical thinking 
skills 
84.3 
(18.5) 
53.8 
(23.9) 
65.2 
(25.0) 
78.9 
(18.1) 
66.2 
(23.4) 
60.3 
(25.7) 
#8 – excited to do chemistry 
75.1 
(19.9) 
58.9 
(27.4) 
47.8 
(32.1) 
61.3 
(26.9) 
49.9 
(32.5) 
44.8 
(32.4) 
#15 – procedures to be simple 
to do 
37.3 
(23.5) 
59.7 
(22.9) 
50.2 
(27.7) 
33.5 
(22.5) 
50.3 
(28.2) 
49.5 
(23.4) 
a.Scale responses range from 0% to 100%.  
 
MLLI item 15 also revealed similar responses across GC and OC, but with a different 
pattern than items 7 and 8. Item 15 was an unexpected experience for many students. The 
majority of students did not expect the procedures to be simple to do for either course 
indicated by an average percent agreement for these expectations of less than 40%. Yet, 
students reported on the post test for both courses that the procedures were in fact simple to 
do, or at least more simple than they had expected them to be. For the GC post-post, students’ 
perceptions of the simplicity of the procedures decreased in comparison to the end of GC1, and 
were still similar at the end of OC2. The increased perception of the simplicity of the 
procedures, in conjunction with decreased reports of critical thinking and excitement about 
doing chemistry could be indicative of a disproportionate emphasis on the doing of laboratory 
work rather than thinking about the hows and whys of the experiments. 
Examples of items with different response patterns across GC and OC were items 4 (feel 
unsure about the purpose of the procedures) and 24 (focus on procedures, not concepts) 
(descriptive statistics are reported in Table 5). In general, these items revealed diverse 
expectations, diverse experiences, and little convergence on responses. The findings reported 
here discuss the overall trend for this longitudinal sample. On item 4, students generally 
reported not expecting to feel unsure about the purpose of the procedures. That expectation 
was met in GC1 (meaning they reported that they did not feel unsure), but the experience was 
largely reported for GC2. OC expectations for this item were too diverse to identify an overall 
expectation for the sample. Comparing students’ experiences in both semesters of OC suggests 
that students reported similar experiences for this item. The spread and shifts in the responses 
on this item demonstrate that different curricula and different types of experiments could have 
an effect on how students feel and think while performing experiments. 
Similarly, students didn’t expect to focus on procedures rather than concepts (item 24), but 
reported increasing experiences for both GC1 and GC2. At the start of OC1, students’ 
responses show a “reset” of their expectations by once again reporting that they did not expect 
to focus on procedures over concepts, despite their previous experiences. Unfortunately, 
students reported similar experiences for both OC1 and OC2 as they unexpectedly focused on 
procedures over concepts. The combination of the results from items 4 and 24 show that even 
with increased experience as a student in the chemistry laboratory, students increasingly focus 
on execution of the experiments, despite being unsure of the purpose of the procedures. 
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Table 5. Descriptive Statistics for Items with Similar Patterns Across GC and OC. 
 Response Meansa (SD) by Measurement Time (N=61) 
Items 
GC 
Pre 
GC 
Post 
GC 
Post-
post 
OC 
Pre 
OC 
Post 
OC 
Post-post 
#4 – feel unsure about the 
purpose of the 
procedures  
37.7 
(24.1) 
38.6 
(27.2) 
56.6 
(28.5) 
53.8 
(26.6) 
54.0 
(28.5) 
56.0 
(25.5) 
#24 – focus on procedures, 
not concepts 
40.9 
(24.0) 
47.5 
(22.6) 
56.7 
(26.0) 
44.5 
(25.4) 
60.9 
(23.4) 
64.3 
(24.4) 
a.Scale responses range from 0% to 100%.  
 
RQ3: What is the relationship between students’ initial expectations for laboratory learning with how their 
perceptions change over time? 
Cluster analysis of the students’ responses on their initial cognitive and affective 
expectations (GC pre) suggested four distinct clusters. A scatterplot was constructed to display 
the students’ affective versus cognitive expectations (the clustering variables) to show the four 
distinct clusters (Figure 2). Two clusters had higher cognitive expectations than affective 
(Cluster 1 and Cluster 2), and two clusters had similar expectations for both cognitive and 
affective (Cluster 3 and Cluster 4). One cluster had the highest cognitive and affective 
expectations (Cluster 4) while another had the lowest expectations for both scales (Cluster 1). 
There were two clusters in the middle, one with higher cognitive expectations (Cluster 2) and 
one with higher affective expectations (Cluster 3). The clusters were given descriptive names 
based on their relative expectations. Table 6 contains the descriptive statistics for each of the 
four clusters across all 6 time points. 
 
Figure 2. Scatterplot of GC1 pre affective average vs. GC1 pre cognitive average, color-coded by 
cluster to demonstrate the distinctness of the clusters based on students’ initial expectations 
for GC1 chemistry lab. 
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Table 6. Descriptive Statistics for MLLI Responses Over Four Semesters for the Four Clusters 
Generated by Clustering on GC1 Expectations. 
 Response Meansa (SD) by Measurement Time 
Cluster Scale 
GC 
Pre 
GC 
Post 
GC 
Post-
post 
OC 
Pre 
OC 
Post 
OC 
Post-
post 
Cluster 1 
Low 
N=16 
Cognitive 
66.0 
(5.6) 
59.9 
(9.2) 
57.6 
(10.4) 
64.1 
(8.2) 
55.0 
(7.3) 
50.0 
(14.5) 
Affective 
37.3 
(6.4) 
48.6 
(12.7) 
42.3 
(16.2) 
39.5 
(8.7) 
37.7 
(15.4) 
37.2 
(16.6) 
Cognitive/
Affective 
42.9 
(8.3) 
42.7 
(9.8) 
34.9 
(10.8) 
38.4 
(9.5) 
36.4 
(12.4) 
33.5 
(14.7) 
Cluster 2 
Mid 1 
N=25 
Cognitive 
76.4 
(7.0) 
64.8 
(7.7) 
62.7 
(10.5) 
70.4 
(10.3) 
60.5 
(11.4) 
58.4 
(11.5) 
Affective 
50.0 
(5.8) 
54.3 
(19.1) 
50.1 
(18.1) 
50.1 
(16.9) 
48.9 
(20.0 
46.4 
(15.0) 
Cognitive/
Affective 
56.1 
(9.5) 
47.8 
(12.2) 
34.9 
(10.8) 
38.4 
(9.5) 
36.4 
(12.4) 
40.7 
(10.7) 
Cluster 3 
Mid 2 
N=13 
Cognitive 
67.9 
(4.8) 
64.3 
(12.3) 
59.5 
(11.5) 
65.9 
(9.4) 
51.6 
(17.6) 
55.6 
(17.2) 
Affective 
65.4 
(5.0) 
62.4 
(16.2) 
53.2 
(12.8) 
51.9 
(11.4) 
41.4 
(19.7) 
46.5 
(18.9) 
Cognitive/
Affective 
59.2 
(16.2) 
53.6 
(18.7) 
41.3 
(12.3) 
49.7 
(11.6) 
38.3 
(18.0) 
42.8 
(15.5) 
Cluster 4 
High N=7 
Cognitive 
80.9 
(5.2) 
73.4 
(13.8) 
69.1 
(20.7) 
69.1 
(20.7) 
73.8 
(12.9) 
56.0 
(15.0) 
Affective 
78.2 
(3.3) 
71.4 
(21.4) 
70.8 
(16.4) 
70.3 
(20.5) 
68.3 
(24.0) 
59.8 
(22.3) 
Cognitive/
Affective 
64.2 
(16.1) 
56.3 
(18.7) 
57.9 
(16.7) 
65.7 
(13.1) 
63.3 
(18.2) 
48.5 
(16.4) 
a.Scale responses range from 0% to 100%.  
 
A series of two-way repeated measures ANOVAs were conducted to analyze how students’ 
perceptions of learning changed over time in relation to their initial expectations. The between 
group variable was the cluster membership, and the within group variable was time. An 
interaction between cluster and time would indicate that the responses of students in different 
clusters changed differently over the GC and OC laboratory courses. Table 7 shows the results 
from these analyses. The between group differences were significant for all three scales with 
large effect sizes for each demonstrating the differences between the four clusters based on 
their initial expectations. The within groups differences were also significant for all three scales 
which is not surprising given the results from the RM ANOVA for the overall sample (Table 2). 
The interaction between cluster membership and time was not significant for the cognitive 
scale, indicating that the clusters do not change differently over time. The only significant 
interaction was found for the affective scale with a medium effect size.47-48 While a power 
analysis was conducted and it was determined that the sample was large enough to detect 
differences, the cognitive/affective scale did not detect a significant interaction but did have the 
same medium effect size as the affective scale. The line plots showing the estimated marginal 
means from the ANOVA models display the cluster change over time for each scale (Figure 3). 
While interactions were detected for affective and cognitive/affective, similar overall trends can 
be observed for all clusters. Thus, despite the students initial expectations for laboratory 
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learning, they can be influenced by the curricular and pedagogical design of the laboratory 
course. 
 
Table 7. Results from two-way repeated measures ANOVA for how the clusters based on 
students’ initial expectations for GC1 changed over time for each scale. 
Factor Two-Way RM ANOVA 
Cognitive  
Cluster Wilks’s  = 0.731, F(3, 57) = 6.99, p≤0.0001, 2p = 0.27 
Time Wilks’s  = 0.453, F(5, 285) =24.54, p≤0.0001, 2p = 0.30,=0.66 
Time*Cluster Wilks’s  = 0.676, F(15, 285) = 1.23, p=0.25, 2p = 0.06, =0.66 
Affective  
Cluster Wilks’s  = 0.621, F(3, 57) = 11.61, p≤0.0001, 2p = 0.38 
Time Wilks’s  = 0.636, F(, 285) = 7.10, p≤0.0001, 2p = 0.11 
Time*Cluster Wilks’s  = 0.667, F(15, 285) = 1.78, p=0.04, 2p = 0.08 
Cognitive/Affective  
Cluster Wilks’s  = 0.647, F(3, 57) = 10.37, p≤0.0001, 2p = 0.35 
Time Wilks’s  = 0.508, F(, 285) = 14.05, p≤0.0001, 2p = 0.19, =0.77 
Time*Cluster Wilks’s  = 0.626, F(15, 285) = 1.67, p=0.057, 2p = 0.08, =0.77 
 
 
Figure 3. Line plots of the estimated marginal means for cognitive, affective, and 
cognitive/affective for the clusters based on students’ initial expectations showing their change 
in perceptions of learning from GC1 through OC2. 
 
RQ4: What happened to the students in the ‘Change’ cluster from the GC pre & post cluster analysis? 
The initial cluster analysis with the GC students who participated both in the pre and post-
test administration (N=436) suggested four clusters of students.3 While three of the clusters 
had sequential responses where their expectations and experiences fell within the same general 
area on the scale, a fourth cluster reported experiences that were misaligned with their 
expectations. From this ‘Change’ cluster, 42 of the 99 students participated in MLLI data 
collection at least once more and 6 students participated all 6 times. While this sample was too 
small for inferential statistics, the patterns of responses for these 6 students were qualitatively 
analyzed for how they changed after their first semester of GC lab.  
Figure 4 shows scatterplots comparing these 6 students’ pre and post responses from GC1 
through OC1. Students’ affective averages were plotted against their cognitive averages with pre 
and post for one course on the same plot to visualize how the students’ perceptions changed 
during one course. ‘Vectors’ were drawn between individual students’ pre and post responses 
to indicate how the students changed over the course.3 The plot on the left shows how the 
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students changed for GC, and the plot on the right shows how the students changed during 
OC. Individual students are marked by the same color in both plots. In GC, these students had 
similar pre and post-test responses as can be seen from the heads and tails of the vectors all 
being near one another. For OC, the heads and tails of the vectors that represent the changes 
in these students’ responses are not localized on the scatterplot. These students who indicated 
similar expectations and experiences for the first semester of GC lab reported disparate 
expectations and experiences for OC1. Some students were better able to align their 
expectations with their experiences as shown by the smaller vectors. Other students lowered 
their expectations for OC1 based on their GC experiences and then reported even lower 
experiences for OC1. For those students who belonged to the Change cluster, some modified 
their expectations for OC1 based up on their experiences in GC while it appears that others 
could have modified their actions in the laboratory based upon their differently shaped vectors 
indicated different experiences in OC1 than GC2.  
 
 
Figure 4. ‘Vector’ plots of cognitive and affective averages comparing expectations and 
experiences for GC1 and OC1 for the 6 students from the Change cluster who responded all 6 
times in the longitudinal data collection. 
CONLUSIONS 
This study followed 61 students from GC1 through OC2 laboratory courses to measure 
their cognitive and affective expectations and experiences related to their laboratory learning. 
Analysis of changes over time was conducted using inferential statistics. The cognitive and 
cognitive/affective scales showed similar patterns across the two years as students started 
GC1 with high expectations that went unmet by their experiences during both semesters of GC. 
For OC1, students appeared to ‘reset’ and reported high expectations for cognitive and 
cognitive/affective experiences, despite the experiences they had in GC1 and GC2. These 
experiences then went unmet in OC1 and OC2 as well. The students’ affective averages 
remained relatively constant over time. This result does not mean that students’ affective 
perceptions of learning remained constant over time. Instead, as has been found in previous 
research, reasonably even numbers of students increased in affective averages as decreased.1-2 
When analyzing changes over time at the item level, distinct categories of items emerged. One 
category of items had similar trends across GC and OC where students responded similarly to 
those items across both courses which indicated that students had similar expectations and 
similar experiences for both courses. The other category of items exhibited a change in 
response patterns for students from GC to OC.  
After analyzing the students’ responses as a whole across GC and OC, the students’ 
responses were analyzed multiple times with cluster analysis. First, students were clustered 
based on their initial expectations for GC, and four clusters were found to characterize 
students’ expectations. A mixed-methods ANOVA was conducted to analyze whether students’ 
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MLLI responses changed differently based on cluster membership. Initial expectations did not 
appear to influence how cognitive perceptions of learning changed, but initial expectations did 
have a medium effect on how affective and cognitive/affective perceptions changed. Second, 
students who were classified into the ‘Change’ cluster from the GC1 pre and post cluster 
analysis were analyzed to see how they modified their perceptions of learning based on their 
first semester that resulted in largely unfulfilled expectations. Of the original 99 students in the 
‘Change’ cluster, the 6 students who participated in MLLI data collection all 6 times showed 
different patterns of responses beyond the first semester. It appears that some students kept 
their high expectations but adjusted their behavior, while others lowered their expectations to 
align with the negative experiences they had the first semester. These findings suggest that 
students’ initial expectations and experiences do not create boundaries for how they perceive 
their learning throughout all of GC and OC laboratory courses. Put another way, students’ 
perceptions of learning in GC do not appear to determine their perceptions of learning in OC. 
In comparison with our cross-sectional studies1-3, there are some similar pieces of evidence 
and some new information generated uniquely by the longitudinal study. The ‘reset’ is apparent 
in both the cross-sectional and the longitudinal where students have high expectations in OC, 
despite reporting low experiences in GC. In the previous studies, there were no differences 
between courses, only significant differences over time. Thus, students were reporting high 
expectations for GC that went unmet and then setting the same high expectations for OC only 
to go unmet again. The unique information offered from the longitudinal study shows the 
continued decrease in the second semester of lab for both cognitive and cognitive/affective. For 
cognitive, there was a larger change from pre to post for both GC and OC than from post to 
post-post. For cognitive/affective, the larger change was from post to post-post for both GC and 
OC. In both cases, students started the course with high expectations for both cognitive and 
cognitive/affective scales that went largely unmet during both semesters of lab. Additional 
research is needed to understand why students ‘reset’ their expectations for OC despite their 
previously unfulfilled expectations for GC. 
Implications for Research 
This longitudinal study followed 61 students across two years (four semesters) of their 
undergraduate chemistry laboratory courses to track changes in their cognitive and affective 
perceptions of learning. The results reported in this manuscript speak to the experiences of 
students at one university, which leads to the question of how do students perceptions of 
learning change at universities different than the one described here. (In our previous studies, 
similar results were found between this single institution and the national, multiple 
institutional study.) Further, the MLLI could be used to measure the long-term effects of 
evidence-based laboratory curricula as this study has shown that the MLLI can measure 
unique changes in students’ ideas about learning over time. 
There are many factors that could influence the evolution of students’ perceptions of 
learning in the laboratory that were not examined in this study. First, sex differences were not 
explored in this study as two-thirds of the sample was female. Future work could seek to 
sample an equal proportion males and females to analyze any differences in how the two 
groups change over time. Another area for educational research could explore whether females 
are more compliant than males to consistently respond to repeated requests for research 
participation over time. A second area that was not explored in this study was student 
retention. As we analyzed the ‘Change’ cluster students who participated all 6 times, the 
question was raised as to who dropped out of chemistry and when and who was only required 
to take one semester of GC or OC for their major. For our study, we were unable to discern 
between those who dropped out versus those who just did not respond to the request to 
participate in the research study. These questions would require a new IRB to obtain 
enrollment records and course rosters from the university registrar. In addition, the body of 
research on expectancy shows how a person’s expectations can be based upon perception of 
ability, effort expenditure, degree of difficulty, chance, and motivation.49-51 The exploration of 
these psychological factors could give insight into how students create their expectations for 
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their laboratory courses and in turn offer insight into how to best address students’ 
expectations upon entrance to the course as well as when students’ expectations go unmet or 
when they encounter unexpected experiences. The design of the curricula and the choice of 
pedagogy matters as it does have an influence on the students. The students’ perceptions of 
learning do change, just not strictly dependent on their initial expectations. Thus, care should 
be taken in the development and choice of laboratory curricula and pedagogy to consider how 
students learn and the factors influencing their learning. 
Implications for Teaching 
While our previous studies that clustered students on their expectations and experiences 
found that students’ expectations tended to govern their experiences, this study found little 
interactions between cluster membership and how the students changed their perceptions of 
learning over time. This finding indicates that perhaps students are malleable in our courses 
and able to be influenced by the course. Students’ change in responses showed similar 
patterns over time demonstrating how the course was affecting the students in similar ways 
over two years. This analysis also showed that students have a wide range of expectations 
when they enter the GC laboratory course. We cannot assume that our students come in with 
similar backgrounds or perceptions of learning. Rather, this evidence shows a full range of 
expectations -- some with low cognitive and affective expectations, some high cognitive and 
affective, and some with a combination of high and low cognitive and affective expectations. As 
positive integration of thinking and feeling with the doing of laboratory work is necessary for 
meaningful learning in the laboratory, then it would be helpful for the course instructor to be 
aware of the range of cognitive and affective expectations that students bring to their chemistry 
laboratory course. The design of laboratory curriculum ought to address students’ incongruent 
and/or low cognitive and affective expectations to offer them opportunities to positively 
integrate their thinking and feeling with their doing of their laboratory work. The results from 
exploring the students who continued from the Change cluster also show that students with 
initial unfulfilled expectations do not necessarily sustain negative experiences through the rest 
of their chemistry career.  
Limitations 
Interpretations and conclusions should be made by carefully considering the context within 
which the study took place. The obvious limitation to this longitudinal study was the attrition 
of the students. Only a fraction of those who participated in the study in GC1 continued 
through the end of OC2. Many factors contributed to the attrition of the students including 
lack of support from laboratory instructors to encourage their students to participate. While 
this sample is less representative of the population of chemistry students at this university, 
there were some similar trends in responses to the cross-sectional study. The information 
gleaned from this sample does give new information about how students’ perceptions of 
learning change over time as they progress through chemistry. 
Additionally, the methodological choices made for the data analyses impacted the results as 
well. Different clustering variables, objects, algorithms, distance measures, and linkage 
techniques might have produced different cluster solutions. Our decision to go with the four 
rather than three cluster solution yielded clusters with greater diversity which in turn led to 
unique, pedagogically useful conclusions about how the clusters change over time. 
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ABSTRACT 
Meaningful learning requires the integration of cognitive and affective learning with the 
psychomotor, i.e., hands-on learning. The undergraduate chemistry laboratory is an ideal place 
for meaningful learning to occur. However, accurately characterizing students' affective 
experiences in the chemistry laboratory can be a very difficult task. While attitudinal surveys 
offer some insights, an inherent limitation of such fixed-response surveys may prevent 
students from expressing how their laboratory experiences shape their affective learning. 
Conducting interviews, however, affords researchers the opportunity to hear students describe 
learning in their own words. One challenge with interviews, of course, is that students may not 
possess the vocabulary to precisely describe their experiences. Therefore, the purpose of this 
study was to conduct interviews that encouraged and enabled students to verbalize their 
feelings about learning in the undergraduate chemistry laboratory. Interviews were conducted 
with 13 students who were enrolled in either a general chemistry or an organic chemistry 
laboratory course using a novel interview protocol to elicit descriptions of the students’ 
experiences: a list of affective chemistry laboratory experiences. Findings include that the list of 
words was able to elicit a wide range of students’ descriptions of their affective experiences and 
that these experiences influence cognitive and psychomotor learning in the undergraduate 
chemistry laboratory. In particular, the students’ descriptions of their affective experiences in 
the laboratory were grounded in perceptions of control of their learning and the responsibility 
they felt they had. The implications of this research include identifying experiences that ought 
to be attended to through changes in pedagogy and curriculum in order for students to 
experience meaningful learning in their undergraduate chemistry laboratory courses. 
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INTRODUCTION 
Novak’s Theory of Education states (ref 1, p. 18): 
“Meaningful learning underlies the constructive integration of thinking, feeling, and acting 
leading to human empowerment for commitment and responsibility.” 
This statement points to the importance of three different types of human knowledge in 
order to construct meaning. Opportunities must be provided to learners across all three 
domains in order to ensure successful integration and meaningful learning.1-3 Faculty goals for 
chemistry laboratories prioritize the cognitive (thinking) and psychomotor (doing) domains.4-6 
From the students’ point of view, however, the psychomotor domain is the raison d'être for the 
undergraduate chemistry laboratory while the cognitive and affective domains are much less 
visible.7 
Instructors presume the cognitive insights will readily materialize as students carry out the 
experiment, collect and analyze data, and fill out a lab report,4-6 even though students do not 
always share this perspective.4 Rarely is the affective domain emphasized by faculty within the 
context of learning in the undergraduate chemistry laboratory. Theory suggests this would 
hinder learning because Novak describes affective learning as the “information stored in [the] 
lower brain centers that results from internal signals and interacts with and plays a role in 
cognitive learning” (p. 59) that then interacts with psychomotor learning.1  
Nonetheless, students’ feelings in the laboratory are just as integral to their learning as the 
design of the analysis and report questions to elicit cognitive processing. In fact, the National 
Research Council (NRC) report on Discipline-Based Education Research (DBER) insists that 
“researchers and instructors should not consider cognitive and affective development apart 
from each other” (p. 158) and that research “on the affective domain should avoid [a dichotomy 
with the cognitive domain] and recognize the interdependence of affective and cognitive 
outcomes” (p. 161).8 In order to better understand how students integrate their thinking and 
their feeling with their doing in the chemistry laboratory (i.e., engage in meaningful learning), 
we set out to better understand how students describe their affective experiences in the 
laboratory. 
Research on Laboratory Learning 
Chemistry is innately a laboratory science. Chemists and educators continually speak to 
the necessity of laboratory experiences for students.9-13 The National Science Teachers 
Association emphasizes that learning in the laboratory can make abstract ideas tangible for 
students, help develop problem solving skills, and even foster positive attitudes.14 Yet, there is 
scant research available to demonstrate the quality and effectiveness of learning in the 
chemistry laboratory. As noted in the NRC DBER report: “despite its importance in the 
curriculum, the role of the chemistry laboratory in student learning has gone largely 
unexamined” (p. 132).8 Hawkes argues that substantial evidence is needed to warrant the 
“expenditure of time and treasure and student dislike of laboratory teaching.”15 Hilosky et al. 
echoes Hawkes with a report on the lack of alignment between instructor’s expectations for 
laboratory work and the students’ apparent abilities to complete the work.16 They continue to 
question why research has not focused on the “impact of laboratory experiences on student 
learning and attitudes.” Although each of these reviews and reports outlines specific 
suggestions for reform, research has yet to demonstrate the widespread adoption of these 
suggested reforms, nor examine their efficacy. 
Recently, research has been conducted to examine faculty goals for laboratory learning,4-6 
the role of teaching assistants in learning in the undergraduate chemistry laboratory,17-19 and 
the effectiveness of inquiry and research-type experiments.20-22 These projects offer examples of 
efforts to understand the current state of laboratory learning, yet typify the lack of attention 
given to affective learning in the undergraduate chemistry laboratory as none of these 
initiatives provides specific data regarding affective learning. One previous report sought to 
investigate students’ experiences within a cooperative problem based laboratory.23 Using a 
phenomenological framework, the study found that students experienced an affective response 
at the beginning of the course brought on by the shock and confusion regarding the lack of 
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familiarity with the innovative laboratory environment. This affective response created a 
“cognitive imbalance” until the students were able to more fully understand their experience 
through metacognitive awareness.23  A second report asked students about their learning in 
the laboratory using the meaningful learning framework to interpret the findings, but the 
affective domain was limited to include only connections to the real world.24 
Affective Learning in Chemistry 
Numerous reviews have detailed research on the affective domain in science education in 
the last thirty years.25-30 In the context of science education, the affective domain has been 
defined to include the constructs of attitude, belief, motivation, confidence, anxiety, and values 
(to name a few).25 These descriptions have influenced research on affective learning in 
chemistry. The research reports specific to chemistry that investigate affective learning include 
development of assessment tools to measure chemistry self-concept31 and attitudes toward 
chemistry.32-36 Additional reports have used these assessment tools to investigate the 
effectiveness of new pedagogical reforms37-38 and to demonstrate the necessity of attending to 
the affective domain in helping students succeed in general chemistry.36,39-41 Research 
regarding student affect in the chemistry laboratory, however, has been limited to focusing on 
how to decrease anxiety42-45 or increase interest.46-47 These studies examined sources of 
anxiety42-44 and potential ways to decrease that anxiety.45 The studies on student interest 
found that students were drawn to experiments with a real-life connections46 and that the 
students’ attitudes toward chemistry influenced the students’ attitudes toward the laboratory 
in general.47 
In Sevian and Fulmer’s review of National Science Foundation (NSF) funded innovations for 
the undergraduate chemistry laboratory, they found that less than half of the projects 
indicated affective student outcomes.48 Course-wide reform with long-term cooperative learning 
groups,21,49 short-term reforms implemented once with real-world connections,50-52 and new 
technology52 (to name a few) have been incorporated into introductory general chemistry 
classes in an effort to improve student learning. In studies evaluating the effectiveness of these 
reforms, student affect was investigated in a variety of ways, including open-ended 
questionnaires21,51-52, Likert-style attitude surveys49-50,52, and student interviews.21 While these 
previous studies reported that students enjoyed their lab work, the evaluations did not 
investigate student learning. Ironically, despite oft-stated goals to improve cognitive learning, 
these new laboratory experiments or curricula were frequently deemed effective solely on the 
basis of attitudinal surveys that yielded positive results. 
Students’ affective experiences in the chemistry laboratory have been narrowly 
characterized to date. There exists a need to examine affective learning in order to better 
understand its connection to the cognitive and psychomotor domains, i.e., meaningful learning 
(or the lack thereof in its absence) from the point of view of the student. Accordingly, the goal of 
this study was to investigate students’ affective responses to experiences in the undergraduate 
chemistry laboratory by having them describe their thinking (cognitive domain) and feeling 
while performing experiments (psychomotor domain) in their laboratory course. Figure 1 
illustrates the integration of the cognitive, affective, and psychomotor domains. This study 
focuses on the influence of the affective domain on the cognitive and psychomotor domains. 
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Figure 1. Novak explains how humans make meaning by connecting their cognitive, 
affective, and psychomotor experiences.1 This study focuses on how affective experiences relate 
to cognitive and psychomotor experiences. 
 
RESEARCH QUESTIONS 
In order to better understand how students describe their affective experiences in the 
undergraduate chemistry laboratory, two research questions guided this study: 
1. How do students describe their affective experiences in the undergraduate chemistry 
laboratory?  
2. How do students’ affective experiences influence their cognitive and/or psychomotor 
experiences? 
For the purposes of this research, the chemistry laboratory was limited to laboratory courses 
but did not include undergraduate experiences in a research laboratory. 
METHODS 
To answer these questions, a qualitative research protocol was developed. By interviewing 
and asking students to describe their experiences in the chemistry laboratory, we were better 
able to analyze for common themes, novel experiences, and the range of experiences than had 
we asked students to respond to a list of pre-determined ideas, e.g., by answering a Likert 
survey. As noted by Kvale and Brinkmann, interviews have the unique ability to create an 
atmosphere that allows those involved in the interview to be “co-constructors of knowledge.”53 
This interview protocol was part of a larger study where students were video recorded while 
carrying out their laboratory experiments and then interviewed about their experiences. This 
manuscript focuses solely on the novel first phase of the interview protocol. IRB approval was 
obtained before interviewing students. All student names below are pseudonyms. 
Pilot Study 
The interview protocol was pilot tested with 7 student volunteers. The primary goal of the 
pilot study was to optimize the mechanics of using the video recording equipment in order to 
best capture students’ behaviors while performing their laboratory experiments in the larger 
study. During this data collection period, an initial interview protocol asked broad questions 
about the students’ goals for learning in their laboratory course and how they thought their 
learning took place by narrating specific examples from their video. While these interviews did 
uncover interesting ideas regarding students’ beliefs about the purpose of the laboratory and 
their approaches to learning, the interview protocol was not successful at eliciting specific 
descriptions of affective experiences. Rather, typical affective remarks included complaints 
about their lab report grades or inadequate support from course instructors or teaching 
assistants. The interview protocol did not elicit descriptions from students about their affective 
experiences while performing the experiments. Therefore, the interview guide was modified for 
the full study to offer students a list of affective adjectives from which they could draw upon in 
order to catalyze a discussion about their affective experiences. 
100 
 
Participants 
Participants in the full study were chosen using stratified purposeful selection from a 
general chemistry (GC) laboratory course and an organic chemistry (OC) laboratory course for 
non-chemistry majors at a mid-sized, midwestern university during the fall 2013 semester. The 
objective of stratified purposeful sampling is to recognize large variations in a sample of 
respondents rather than to determine the central tendencies amongst the sample, even though 
central themes can emerge during analysis.54 The criterion for this sampling was participants’ 
pre-test scores on the Meaningful Learning in the Laboratory Instrument (MLLI).7 The MLLI is 
an instrument designed to measure students’ cognitive and affective expectations and 
experiences in the undergraduate chemistry laboratory. Purposeful sampling was chosen to 
ensure a pool of students who held diverse cognitive and affective expectations for their 
experiences in the chemistry laboratory.54 The MLLI was administered during the first week of 
the semester, and students indicated interest in participating in the study at the end of the 
survey. Participation in the study was completely voluntary. Scatterplots were constructed of 
students’ affective vs. cognitive responses (Figure 2). Quadrants were constructed for the 
sample as a whole using the median responses (as shown by the solid lines) for both variables 
in order to select students with varying combinations of high and low expectations in each 
domain. A relative cutoff at the medians, rather than the theoretical midpoint of 50%, was 
selected to explore students within this sample. The volunteers who were invited to participate 
in interviews had diverse MLLI scores and demographic profiles. Of the 82 students who 
indicated interest in being interviewed, 13 were selected to participate in interviews (denoted 
with orange triangles in Figure 2). 
 
 
Figure 2. Scatterplots of MLLI pre-test affective vs. cognitive averages for all students, those 
who volunteered, and those who participated in the study. The solid lines represent the median 
cognitive and affective responses for the sample. 
 
The thirteen students interviewed were 8 women and 5 men, with 8 GC students and 5 OC 
students. The participants represented a wide range of academic majors, including 8 biology or 
health sciences majors, 3 engineering majors, and 1 geology major. There were 7 sophomores 
and 6 freshmen. Table 1 lists the experiment that each student performed during video 
recording and discussed during the interview. 
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Table 1. List of participating students’ experiment for video observation and reference for the 
interview. 
Pseudonym Course Experiment 
Angela GC Determination of empirical formula 
Pam GC Titration using pH electrode 
Holly GC Activity series of metals 
Kevin GC Calorimetry 
Dwight GC Quantification of copper in a penny 
Toby GC Gas laws 
Jo GC Gas laws 
Meredith GC Gas laws 
Phyllis OC Introduction to TLC 
Erin OC Introduction to TLC 
Jan OC Anthocyanins & anthocyanidins 
Michael OC Distillation of essential oils 
Jim OC SN1 Reactions 
 
Laboratory Course Description 
The laboratory curricula for both courses were analyzed using the Chemistry Laboratory 
Inquiry Rubric.55-56 In comparison to laboratory curricula across the country, the laboratory 
curricula described here for this study was not atypical from other general and organic 
chemistry laboratories.55-56 
In the GC laboratory course, students performed 10 experiments in a 15 week semester. 
The experiments were a mix of confirmatory and structured inquiry.55 The topics included 
stoichiometry, acid/base, oxidation-reduction, thermochemistry, quantitative analysis, and 
properties of gases. The students worked both individually and in small groups throughout the 
course, and they were expected to complete the experiments in the allotted 3-hour lab time. 
Each lab room held a maximum of 42 students with 2 teaching assistants per lab room. 
Students completed individual lab reports to be submitted the following week. The format of 
the lab reports was a summary data sheet plus one formal lab report during the semester.  
In the OC laboratory course, the students completed 9 experiments in the 15 week 
semester. The majority of the experiments were structured inquiry with some guided inquiry at 
the end of the semester.55 The experiments focused on teaching the techniques of extraction, 
separation, purification, recrystallization, TLC, IR, distillation, and reflux, with many 
experiments having explicit real world connections. Students performed experiments in pairs 
and frequently collaborated in larger groups of three pairs. Each lab room held 30 students 
with one teaching assistant per lab room. Lab work was expected to be completed within the 3 
hour time block. Lab reports consisted primarily of written responses to laboratory questions 
due within a week, plus two formal reports which were due within two weeks.  
Full Study Interview Protocol 
Students were interviewed within twenty-four hours of being observed and video recorded 
in their chemistry laboratory course. Semi-structured, individual interviews were conducted 
using a three-phase protocol for the larger study. This manuscript focuses on the findings from 
Phase 1 of that protocol. The purpose of Phase 1 was to elicit specific descriptions of students’ 
affective experiences in the laboratory. To begin the interview, students were shown a piece of 
paper listing 18 affective words (Figure 3). Students were told that a student might use some of 
these words to describe their experiences in an undergraduate chemistry laboratory course. 
The list of words was compiled from students’ descriptions of affective experiences during the 
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pilot study interviews and from items on the MLLI.7 Half of the words were meant to suggest a 
positive contribution to meaningful learning, and half likely hinder meaningful learning. The 
list is not intended to be all encompassing of the affective words that student would use to 
describe their affective experiences. Instead, the list served as a catalyst for a conversation. 
The words were printed on a piece of Livescribe paper, and students were instructed on 
how to use a Livescribe pen to mark on the paper.57 Using the Livescribe equipment facilitated 
synchronization of what the students said with what they wrote during data analysis.57-58 
Students were asked to complete three tasks with the list of words. First, students were 
asked to circle any word(s) that described how they typically felt in their chemistry laboratory 
course. The second task was to place a star next to any word(s) that described how they felt 
during the laboratory experiment they had just completed right before the interview, i.e., the 
one in which they were videotaped. The third task was to place an ‘X’ next to any word(s) that 
did not describe how they usually felt in the chemistry laboratory. After carrying out all three 
tasks, students were then asked to explain why they marked each circled, starred, and crossed 
out word, supporting their choices by sharing specific examples from their laboratory 
experiences. Students were then asked probing questions about how the affective experiences 
that they shared had influence their learning in the laboratory (e.g., How do you think that 
influences how you learn in the lab? Or how did that influence how you went about the rest of 
the experiment?). Phase 1 of the interview concluded by asking the students why they believed 
certain affective experiences did not occur and whether or not they believed these things should 
occur in the undergraduate chemistry laboratory. This phase of the interview lasted from 8-15 
minutes. 
 
 
Figure 3. Matrix of affective words as marked by Phyllis (OC). Students were asked to circle 
words that described their experiences in their chemistry laboratory course in general, place a 
star by words that described their experiences on the day they were observed, and cross out 
words that did not describe their experiences. 
 
Qualitative Analysis 
The interviews were transcribed verbatim and analyzed both for the frequency with which 
each word was marked and for the examples students gave. The frequency counts examined 
how often a word was circled (describing students’ experiences), crossed out (not describing 
students’ experiences), or neither (starred for describing the day of being videotaped or not 
marked by students at all). To answer the research questions, we focused on students’ affective 
experiences in their laboratory course in general, therefore, the starred words were counted 
with the unmarked words for this frequency analysis. A future manuscript will report analyses 
regarding the starred words and the video episodes themselves.  
Students’ explanations for choosing specific affective words were analyzed using open 
coding.59 Through this process, codes were developed from the data and the descriptions that 
the students offered. After open coding, constant comparative analysis was used to refine the 
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codes and examine similarities and differences within the students’ descriptions.59 Codes were 
compared both across and within students to identify categories of experiences associated with 
marking each word. The categories were then analyzed through the lens of the Meaningful 
Learning framework to examine how, if at all, the affective experiences were connected to the 
cognitive and/or psychomotor domains. These analyses, along with examples from students, 
are described below. 
RESULTS & DISCUSSION  
Word Frequency 
To begin to explore the answer to the first research question, the frequencies of the words 
from the interview prompt marked by each student were analyzed. The mean number of words 
marked by each student was 12, with a minimum of 9 and a maximum of 17. The distribution 
of words reveals the diversity of these students’ affective experiences.  Figure 4 displays the 
frequency of each word being circled, crossed out, or neither. To the students, some words 
have positive connotations while others have negative connotations. Some students discussed 
the positive connotations of Challenged, saying that it motivated them to work hard. However, 
other students discussed the negative connotations, indicating the challenge was overwhelming 
for them. For example, Erin said she doesn’t “ever think that a challenge is a bad thing in a 
chem lab just because every challenge is an opportunity to learn something new that you didn’t 
really know before.” But Jan described her experience being challenged as “really hard and 
[having] lots of anxiety about it” and that “it’s challenging to make sure all the stuff is working 
how it is supposed to.” While Erin looked forward to challenges knowing they would help her 
learn, Jan dreaded challenges and viewed them as a hindrance to her learning. 
Blue bars in Figure 3 indicate the number of students (out of 13) who circled that 
particular word (meaning it described the students’ typical experiences in lab). Orange bars 
represent the number of students who crossed out a word (meaning it did not describe the 
students’ experiences), and green bars indicate the number of students who neither circled nor 
crossed out that particular word. An average of 6 words were circled by each student (with a 
minimum of 3 and a maximum of 10), and an average of 4 words were crossed out by each 
student (with a range of 2 to 6). These data show that the word list served the students by 
being useful in offering descriptions of both their positive and negative experiences in the 
chemistry laboratory. 
 
 
Figure 4. The frequency of words selected to describe students’ affective experiences in the 
undergraduate chemistry laboratory. Students circled words (blue) that describe their 
experiences and crossed out words (orange) that did not describe their experiences.  
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The most frequently circled word was Interested, with 11 of the 13 students choosing it. 
These students had an intrinsic interest in their laboratory course and chose to say so. 
Consider how Phyllis (OC) described her interest in lab: 
 
Ok, um, well for the interested one, um, I think it was our second experiment we extracted 
three components from um Excedrin. We extracted aspirin, caffeine, and acetaminophen. 
And I just thought that was really interesting. I felt like I was kind of like more in like the 
medical field like last year all we did was titrations. Like we added acids and bases and 
like what is this? But now the stuff we are doing is actually dealing with medicine and like 
separating things. I thought it was a little bit more interesting to me. 
 
While Interested was most often circled, it was never circled alone. The second most circled 
words were Challenged and Frustrated. Whereas students described conflicting connotations of 
being Challenged, they described being Frustrated as only hindering their learning experiences. 
Frustration can sometimes be a catalyst for problem solving, but the students in this study 
described being Frustrated as a road block “when things go wrong or not exactly according to 
procedure” (Pam, GC) or “when you have to redo a section of an experiment when it doesn’t 
come out the way it’s supposed to” (Jo, GC). The next most frequently chosen words were 
Confused and Nervous, both of which often indicated a negative experience in the laboratory. 
Interestingly, all five of the organic chemistry students who were interviewed selected both 
Interested and Confused. 
Excited and Motivated were circled the fewest number of times by students (2 and 3 times, 
respectively) when describing their laboratory experiences, and each was crossed out only once. 
The students who marked (circled or crossed out) Excited or Motivated were in general 
chemistry. None of the organic chemistry students used either of these words to describe their 
experiences. While these words were marked least frequently by students, their presence on 
the word list still served as a point of reference for which to begin describing their affective 
experiences.   
Understanding what students are not feeling in the laboratory can be just as important as 
knowing what students do report feeling in the laboratory. The words most frequently crossed 
out where Afraid, Creative, and Inspired. Many students expressed that they felt safe in lab 
even though, as Jim (OC) said, “We’re dealing with some harmful chemicals it was all in the 
fume hood and we had gloves and goggles on so I wasn’t afraid of any chemicals or anything.” 
While it is encouraging that students are not afraid in lab, it is disconcerting that students do 
not associate creativity and inspiration with the chemistry laboratory. Dwight (GC) and Erin 
(OC) saw their only creativity in lab as their choice of glassware. Holly (GC) wasn’t “necessarily 
sure that creative applies to labs” because: 
 
 You have certain boundaries and you kind of have to stay within them or else your 
products are not going to be what you want them to be, and like I mean, if you have a 
beaker and it’s the wrong size, I guess that is creative if you have to work around that but 
it’s, you still have a little means and ways to do certain things. 
 
Similarly, students viewed being Inspired as something that fuels a passion for their future 
career. Erin (OC) talked about being inspired by wildlife and ecology, Dwight (GC) talked about 
being inspired by medicine, and Angela (GC) talked about being inspired by music and geology. 
While the skills they were learning in their chemistry laboratory courses could be seen as 
providing the foundation for their future courses, there was a disconnect for the students 
between what they were learning and how it applied to their future aspirations. 
Curiously, Bored, Lost, Worry, and Anxious were marked an equal number of times as 
either describing a student’s experiences or not describing a student’s experiences in the lab. 
An example of how students used these words differently can be illustrated by Toby and Pam 
(both GC). Toby crossed out Bored, explaining that “chem lab itself is kinda exciting just ‘cause 
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like with what you’re doing in it,” but Pam was circled Bored saying “titrations interest me 
because I like neutralization reactions but doing the titration can get a little tedious.” Toby 
enjoyed the action of carrying out the experiments, while Pam was more interested in the 
symbolic manipulation of writing neutralization reaction equations rather than the 
macroscopic procedures of carrying out the titration. The variety of these words demonstrates 
how students have different affective experiences in lab.  
Students’ Choices to Connect Words 
The combinations of words used by students provided additional evidence to consider when 
answering the first research question. When students selected words from the list to describe 
their affective experiences, they often spoke of connections between/among the words as they 
chose them. For example, some students paired words together to describe their laboratory 
experience because the combination of words helped to better tell their story. One example of 
this is Kevin (GC) who first grouped together Confident and Motivated because of his “drive to 
get things done.” As Kevin continued, he then paired Challenged and Organized with Confident 
and Motivated because he wants to do well, so he goes into lab with a plan set for how to 
achieve. Jo (GC) also paired Organized, Confident, and Motivated. She explains that she felt 
that way “when [she] did [her] procedure … and it was pretty thorough.” Having time to fully 
prepare for lab helped Jo to feel Organized, Confident, and Motivated. Erin (OC) also grouped 
Organized with Confident saying, “If I’m not organized, I’m not confident. That’s just how I run.” 
Other students identified connections among words because they felt that the words all 
meant the same thing. Meredith (GC) and Phyllis (OC) both combined Nervous, Worry, and 
Anxious. Meredith described this as worrying “about making sure we’re doing it right and have 
enough time and that I’m just doing it right.” Similarly, Phyllis worried about “not doing the 
experiment correctly or … that [she will] get to the report questions at home and [she] won’t 
know what to do.” For Meredith and Phyllis, these words described the same feeling they had in 
lab when they were concerned about doing the experiment correctly.  
However, some students purposefully selected contrasting words in order to describe their 
experiences in the chemistry laboratory. These students circled and crossed out words that 
were opposites, and in doing so, provided evidence for the validity of the data generated in this 
study by the interview protocol. For example, when Erin (OC) crossed out Afraid, Bored, and 
Anxious, she explained that she did not associate those feelings with her chemistry laboratory 
because of the words she circled (Organized, Confident, Interested, Comfortable, and 
Challenged). Erin explained: 
 
I prepare for lab so I have no reason to be anxious. If there is something that I miss, I’m 
sure 10 other people missed it too because I’ve done so much prep that I feel as if I’ve done 
that much prep, if I’ve missed something, other people have to have missed it. So I’m not 
ever really super anxious about it. 
 
Erin also circled Confused and Frustrated, saying she sometimes experienced these feelings 
when she did not understand the concepts that were associated with the experiment: 
 
Um, confused sometimes. There are things in lab that we haven’t gone over in lecture yet 
and that’s a really big point of confusion for me because I study for lecture so and I do read 
for lab but sometimes it’s just there are concepts that aren’t, we aren’t quite parallel with 
each other and that’s sometimes makes doing lab properly a little bit more difficult. Um, 
that’s where the frustration comes in because I’m like it’s not my fault that I don’t know 
this material yet. I tried to understand it before I walked in and that’s where some of my 
frustration comes from. 
 
Erin’s examples illustrate that while a student’s choice of words might appear contradictory at 
first glance, the descriptions of her thinking about lab concepts in fact supported her choice of 
words. Contrary to Erin, Angela (GC) selected seemingly contradictory words and yet described 
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an experience where she felt both simultaneously. Angela was interested in the work that she 
was doing in the laboratory, but in order to best recount her experience in the chemistry 
laboratory, she had to note that she was also worried: 
 
Well, kind of, like the topic’s interesting but like for me, I haven’t had chemistry in four 
years so I am worried like I don’t remember how to use the stuff and I don’t and some of 
the stuff we don’t have at our school so I have never seen like some of the stuff and they 
don’t explain it so unless you ask for help. 
 
From Angela’s perspective, Interested and Worry are inextricably bound. To have a veracious 
account of what she experienced, one must consider how the two words acted in concert. 
Another example of simultaneously pairing a word perceived as positive (Comfortable) with a 
word perceived as negative (Boring) can be seen in a description given by Kevin (GC): 
 
Um, comfortable …. I don’t know. It was kinda set everything up and then watch, wait. 
And so that kind of goes with boring too… like it’s just, like it’s kind of relax and yet boring 
at the same time.     
 
Kevin’s boredom seems to stem from the level of comfort he experiences during his lab 
sessions. His comfort level has led him to outpace the expected work schedule, which appears 
to have left him with idle time for which he has not found any use. 
Discussion of Student Examples 
The justifications offered by the students for the words that they chose to describe their 
experiences provided evidence of how students’ affective perceptions influenced their behavior. 
Students’ examples and justifications were analyzed for connections to both the cognitive and 
psychomotor domains of meaningful learning in order to answer the second research question. 
Using open coding followed by constant comparative analysis, broad ideas of how students’ 
feelings influenced their thinking and their doing were created.58 The ideas that emerged were 
characterized by how students perceived their autonomy in the lab and their perception of the 
direct influence they have upon their laboratory experiences. This category was called Control & 
Responsibility, with subcategories that distinguished students’ experiences of feeling they 
lacked control versus when they felt in control. These categories yielded unique insight into 
how students’ feelings affected what they think and/or do in their chemistry laboratory 
courses. 
When the student was not the one making choices about what must be done, the 
experience was classified as Out of the Student’s Control. Some students discussed experiences 
where they were aware of their lack of control, such as the imposition of course structure and 
the assignment of an experimental procedure. In this case, students often considered their 
responsibility to be to work within the boundaries of the course requirements. For instance, 
when Dwight talked about feeling Organized, he discussed the course requirement to re-write 
the procedures in his lab notebook. He explains: 
 
Because I have written out the procedures, and even if I haven’t them out word for word as 
with the detail that’s in the actual manual, I still, I’m like, I’m forced to get a general 
understanding of what we’re doing in the day. Um yeah, so knowing what we’re doing 
helps me be confident doing it. 
 
Though Dwight was not the person responsible for deciding to write the procedure in his 
lab notebook, the requirement to do so helped Dwight feel organized and ultimately allowed 
him to confidently move forward with the experiment. As mentioned previously, Erin also spoke 
of feeling organized as a result of her lab preparation. Her positive laboratory experience 
depended on this thorough preparation; she characterized her outlook on lab as “doing what 
they tell you you should do and not just thinking you can do fine on your own.” The imposition 
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of course structure including pre-lab assignments, preparing the lab notebook, and clear 
procedural directions gave Dwight and Erin the confidence to carry out the procedures, having 
already thought about what they were to do.  
Student recognition that they lacked control over their laboratory experience also came up 
in discussions regarding the absence of creativity and inspiration in the laboratory. Jim, Jo, 
Kevin, and Toby each described the procedures as straightforward, as a set series of steps to 
carry out. Jo explained that she was not inspired because “they’re telling you what to do” and 
she was not creative because “you just follow the procedure really.” Kevin described lab as 
being “very much by the book” while Toby outlined how straightforward the procedure was 
saying “you do this, and then this, and then this … there’s not much room for changing the 
layout.” These students expressed a limited view of creativity as offering the opportunity to 
make changes in the procedures and/or lab materials -- rather an exploration of the hows and 
whys of the experiment. The realization that the procedure was so straightforward created a 
boundary in the students’ minds where their focus evolved into carrying out the procedure 
correctly rather than an intellectual pursuit of chemical knowledge. 
Contrary to the previous situation, some of the examples students offered to describe their 
affective experiences detailed situations where they lacked any control to make choices in the 
laboratory, but the student was not cognizant of this fact. Jan, Angela, Meredith, and Phyllis 
described incidents where they felt they lacked control while explaining their choice of words 
including Afraid, Anxious, Confused, Intimidated, Lost, Nervous, and Worry. For Angela, she 
tried her best to carry out the procedure correctly while in the lab room, but said that “the 
scary thing is that you don’t really know if it is right until you crunch the numbers back in 
your room.” Angela spoke of blindly carrying out the experiment without any idea of how to 
think about the chemistry in real time. In a similar way, Jan felt she lacked control over her 
laboratory experience without any way to improve it. She explained: 
 
I marked the intimidated, afraid, and anxious and all that because um when we were 
doing the lab, the length of the time that it took to do the reflux of the berry, and the thing 
took so long that when we got to the end everyone finished at the same time so there was 
this really big lull which is also why I marked bored. There is this huge lull in the middle 
where all we could do was set up for the next step but still there was a 45 minute reflux so 
we still had to wait around and there wasn’t much to do in between and that was the same 
for when we did our chromatography. We also had to wait for those to develop, so there is 
a lot of waiting in between the steps and we still didn’t finish on time which is really 
frustrating. 
 
Jan described how she feared not being able to complete the experiment in the allotted time 
and the frustration that came with long waiting periods. Even earlier in the interview, Jan 
spoke of the pressure she felt to finish the experiment and the effect it had on her: 
 
We don’t have enough time, so the whole time we are rushed, and we don’t have any time 
to think about what we are doing. We are just following the lab trying to get data so that 
we can finish and not lose points. 
 
As Jan explained her choice of affective words to describe how she felt in lab, it became 
apparent that she felt like lab was happening to her rather than her taking an active role in the 
experiment and her learning. Jan spoke of struggling to keep up and to be able to collect 
enough data by the end of the lab time, which in turn ultimately inhibited her cognitive 
processing of the experiment. Phyllis, another OC student, also talked about the pressure of 
time constraints on her lab learning experience. Here she explained her choice of words: 
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Um, I feel confused a lot when, like, I don’t know, a lot of the experiments, so all of the 
experiments are like things I haven’t done before, like, recrystallization, um the extraction, 
mostly things I’ve never done before, so I’ll watched the podcasts, like, I kind of read the 
book, but it’s still hard to know what’s going on until you actually go through it once. And 
then lost is kind of the same reason. I’ve never done it before, so it’s kind of hard to get 
used to, like, how to do things the right way the first time, so I have to do it like 3 times. 
Um, and frustrated when, well, there’s a time constraint and sometimes I feel like we have 
like two parts to the experiment, and it lasts the whole three hours fifty minutes, sometimes 
over, and I feel like it’s almost too much - especially when a lot of us don’t know what is 
going on. And definitely challenging the lab is, because um, I don’t know it’s higher level 
stuff and it’s something I’ve never done before so I have to learn new things and new 
techniques. 
 
Even though Phyllis would spend time preparing for lab by watching the course podcasts and 
reading the book, she was not able to grasp the learning outcomes of the experiment or the 
individual techniques until she carried them out herself. Phyllis viewed her lack of familiarity 
with the techniques as a hindrance to completing the procedure in a timely way due to needing 
up to three tries to carry out a technique correctly. Despite her frustration, she pushed 
through to complete the experiment rather than giving up at the first sign of a mistake. She 
continued:  
 
I mean, I don’t expect to do it perfectly just because we are like learning, so I don’t worry 
that much, but I do want to do it properly. 
 
Phyllis displayed perseverance that Jan lacked when faced with obstacles and a lack of control. 
Pam also brought up situations where she felt out of control and unsure of how things would 
turn out. Contrary to the previous examples, Pam crossed out Afraid, Anxious, Nervous, and 
Worry. Pam explained that the extent to which she had negative feelings in lab was feeling 
Frustrated. Even then, she said: 
 
Um, so I just kind of let things be what they will be, especially like when I can do a lab 
report and talk about experimental error then I’m like “well this happened and I couldn’t do 
anything about it.” 
 
To a greater extent than Phyllis, Pam showed tenacity to push through when faced with 
unexpected obstacles and challenges. Pam’s acknowledgement that things will go wrong, there 
will be mistakes, and that the outcome of the experiment is not entirely in her hands gave her 
the freedom to explain herself and the chemistry she learned in the report. Pam chose to 
embrace the unknown, rather than fear it. 
The third aspect of the Control & Responsibility idea was the subcategory Perception of 
Being in Control. This subcategory encompassed students’ descriptions of instances when they 
took responsibility and exerted control in the laboratory. Holly, Jim, Michael, Toby, and Kevin 
brought up instances of feeling control when they were explaining their choice of circling 
Comfortable, Confident, and Organized. In their descriptions, the general consensus from these 
students was that they felt familiar with either the laboratory setting or the experiment itself. 
In regards to lab in general, Jim said he was “familiar with the lab setting,” Michael said that 
he feels “comfortable when [he] know[s] what’s going on,” and Kevin said that he went in 
“knowing more or less what was going on.” This familiarity provided prior knowledge for Jim 
and Michael to to feel comfortable and confident in carrying out the experiment but didn’t 
always lead to thinking about the underlying concepts. For Kevin, feeling comfortable and 
confident even allowed him to easily work through any confusion he faced during the 
experiment. He explained: 
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I didn’t mark confused and I kind a thought about it for a little bit, but um I don’t know… 
like any confusion I had I was able to clear up right away. 
 
Holly and Toby recounted experiences from high school chemistry that helped them feel 
comfortable and confident carrying out their experiments. 
 
Um, this was actually one of the 3 labs that we did in AP chemistry and I vaguely 
remembered it, so I was like “oh ok I got this.” And it’s not that hard to fill up wells and 
place little things in them and write down what’s happening. Like that’s not very difficult. 
(Holly) 
 
Um I mean, I felt pretty confident about it because I had taken AP physics last year, and 
we did a lot of you know this type of thermo … I mean we never really explicitly did an 
experiment on it, but a lot of the examples are very similar, so like I feel comfortable coming 
into the lab … I felt really confident, and then you know comfortable doing it because it 
wasn’t really hard set up and it wasn’t really too um much of a challenge just because like 
the experiments were pretty simple and figuring out how to do them wasn’t too hard. (Toby) 
 
Holly’s and Toby’s prior experiences provided a foundation upon which they could build new 
knowledge. They saw the procedures as simple rather than difficult. Holly and Toby’s prior 
knowledge with the procedures eased any potential anxiety about whether or not they would be 
able to carry out the experiment. Though for Holly, the familiarity did not remove her desire to 
carry out the procedure correctly, as she continued: 
 
Um I still want to do well, but like, I’m still nervous about messing up … [and] starting over 
again would just suck. 
 
For these students, being comfortable and confident was the result of feeling in control with 
carrying out their experiments, which in turn improved the conditions for meaningful learning. 
However, just because the opportunities for meaningful learning existed does not mean that 
students chose to engage in thinking about concepts.  
The previous description of categories that emerged from the qualitative analysis suggests 
that students have different feelings about their perceived level of control over their laboratory 
experience. Some students appeared to welcome the decisions already made for them by 
imposition of course structure as a way to initiate their cognitive processing for the experiment 
and allow for comprehension of the purpose of the steps of the procedures. Holly referred to 
these choices made for her as “boundaries.” Other students interpreted this loss of control as a 
way to forgo thinking about the underlying chemical concepts and focus solely on the carrying 
out of the procedures. For them, the perceived boundaries created limitations on their choice to 
engage cognitively and encouraged a “doing without thinking” mindset. Still, additional 
students felt overwhelmed by the loss of control, unaware of how to take part in their own 
learning. When faced with a challenge or obstacle, the students who sensed a lack of control 
tended to succumb to a desire to just complete the experiment without thinking about any 
hows and whys – an instance where the perceived boundary inhibited cognition during the 
experiment. Meanwhile, some students perceived themselves to be in control in the laboratory 
either from prior knowledge or extensive preparation. The perception of control brought 
comfort, confidence, and organization along with it. Yet, many students described ‘rote doing’ 
experiences while in control, rather than building upon the familiarity to explore the chemical 
concepts behind the experiment. While the perceived absence of boundaries could have 
catalyzed the pursuit of understanding during the conducting of the experiments, conscious 
choices were made to ignore the freedom to think about the chemical concepts at work in the 
experiments. Jim epitomized this mindset when he said: 
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You’re standing around a long time so you could probably think about what is actually 
happening in the reaction. 
 
He was cognizant of opportunities to think about what he was doing in lab and why, but when 
asked if he followed through while in lab, he trailed off as if not wanting to admit to this 
omission of cognitive behavior.  
The choice to participate (or not) in learning and make decisions about how to react when 
faced with certain emotions speaks directly to Ausubel and Novak’s meaningful learning 
theory.1,3 Ausubel put forth three conditions necessary for meaningful learning: new material 
must be presented in a meaningful way, the learned must have some relevant prior knowledge, 
and the learner must make a conscious decision to incorporate the new material in a non-
arbitrary way.3 Thus, students whose affective experiences motivated them toward cognitive 
processing during laboratory activities could choose to engage in meaningful learning activities. 
On the other hand, when a student chose to carry out the experiment without thinking (‘rote 
doing’), the student lost the opportunity for meaningful learning. Much as students who 
attempt to memorize their way through chemistry courses by ‘rote thinking,’ these students 
report trying to get through their laboratory courses by going through the motions of carrying 
out the procedure without understanding what they are doing and why.  
CONCLUSIONS 
This article describes research findings from qualitative interviews structured to elicit 
specific descriptions of the affective experiences of 13 students in the undergraduate chemistry 
laboratory. Students were asked to select words from a given list that did, and did not, describe 
their laboratory experiences and to give examples for why they selected those words. The words 
that students selected, and the stories they offered in support of their choices, demonstrate the 
diverse number of ways in which the affective domain is present and active during the 
undergraduate chemistry laboratory. For instance, even though the majority of students circled 
Interested, it was always circled alongside other affective words indicating the multiple affective 
dimensions at work during the learning process. Therefore, Interest ought not be the only 
emotion targeted by curriculum development for the undergraduate chemistry laboratory. In 
this way, the prompt afforded the researchers access to more detailed descriptions of students’ 
affective experiences in the interview setting than the previous interview protocol that had used 
only open ended questions.  
The interviews also revealed that the affective domain manifests in a number, if not 
seemingly contradictory, of ways during students’ learning in the laboratory. For both general 
and organic chemistry students, the affective experiences that the students described had 
effects ranging from how and what the students thought (cognitive) to how they behaved 
(psychomotor) in their laboratory courses. Students who share common experiences can clearly 
feel differently about them.1 Even though the students have the same experiences, their 
different affective responses to those experiences lead them to think and behave differently.1-2  
This research not only responds to previous calls for studies regarding the importance of 
affective learning in the undergraduate chemistry laboratory, 8,60 but it also provides evidence 
for how students’ affective experiences influence meaningful learning in the undergraduate 
chemistry laboratory. Analysis of students’ explanations and examples for the words they chose 
to describe their experiences revealed ideas about how the students perceived autonomy in 
their laboratory learning and their reactions to that perceived autonomy. Few students 
welcomed the boundaries imposed upon them as a way to focus their cognitive processing. 
Rather, students’ discussions of their perceived control, or lack thereof, revealed their 
propensity to carry out the procedures without thinking about the purposes underlying them. 
For students who viewed the procedure as simple and straightforward to carry out resulting in 
a loss of autonomy, they overlooked the opportunity to consider the chemistry that afforded 
such simplicity in order to just adhere strictly to the procedure. For students who felt confident 
and familiar being in the laboratory, they, too, overlooked such an opportunity. Both of these 
groups of students made a conscious choice not to actively participate in learning in their 
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laboratory courses. The students who unaware of their loss of autonomy faced an impasse – do 
they give into carrying out the experiment blindly without thinking or do they consider their 
options and use their chemistry knowledge to move forward? Their reaction to this impasse can 
possibly be a defining moment for the potential meaningful learning opportunities the student 
will be able to encounter in the future. The students who chose to give into blindly carrying out 
the experiment believe that is their only way to success, or at least to get through the 
experiment. It is possible that these students are not aware of the opportunity available to 
them to work through their challenges. Or perhaps they believe they are not afforded the 
chance to actively participate, and that the role to participate in the learning process would be 
explicitly extended to them if that is what the instructor wanted. Meaningful learning requires 
the conscious choice of the learner to actively participate in the learning process.3 The 
descriptions presented here demonstrate how the variety of affective experiences that the 
students have in the undergraduate chemistry laboratory often lead to students giving up their 
active role in learning, either believing it was unnecessary or unavailable to them. Students’ 
beliefs about learning help to explain why, when some students describe similar affective 
experiences, they chose to respond in different ways. The findings from this study support 
previous findings that demonstrate the importance of research on affective learning in the 
undergraduate chemistry laboratory.60 
Implications for Research 
This interview protocol offers researchers an alternative method by which to explore 
students’ affective ideas about learning. Researchers could use this list of affective words, or a 
similar prompt, to investigate students’ affective experiences in a variety of laboratory 
environments, e.g., to explore how students’ feelings and actions as a result of those feelings 
differ in response to changes in laboratory environments (such as different pedagogy or 
curriculum). 
Analysis of the students’ descriptions of their affective experiences revealed their 
perceptions of their control over their learning and the responsibility they believe they have to 
participate in learning. Future research could use literature on the “locus of control” to 
continue to explore students’ perceptions of their role in learning in the chemistry laboratory.61-
62  
In addition, this study found that some words have different connotations for different 
students. The word Challenged had positive connotations for some students and negative 
connotations for other students. When such a word is used on surveys and questionnaires, the 
ambiguity of interpretations can prove to be difficult for measurement and quantitative 
analyses. It is important to keep this in mind when performing certain kinds of analysis such 
as factor analysis that use the item correlations. Otherwise, Angela’s selections of Interested 
and Worry, and Kevin’s selections of Comfortable and Boring could be interpreted as an 
instrument that generates random error and unreliable responses. Students’ different 
connotations for these words suggests that students respond differently to the same feeling -- 
some students desire to be Challenged, while others fear it.  
Implications for Teaching 
A better understanding of how individual students attribute different affective words to 
their experiences in their chemistry laboratory course brings to light the differences between 
how students and instructors perceive the undergraduate chemistry laboratory. Practicing 
chemists view the laboratory as a place to explore and exercise creativity to solve novel 
problems and works towards a solution. For students who shared these views, perhaps the 
experimental procedures were too straightforward and they felt bound to procedures that 
hindered their ability to think critically or creatively or to be inspired by their work. In Novak’s 
discussion of meaningful learning, he argues that inspiration can be an outcome of meaningful 
learning.1 The fact that words like Inspired, Creative, and Excited were marked as describing 
students’ experiences in lab only once or twice could indicate that meaningful learning was a 
rare occurrence. Additionally, because Interested was never circled alone, but always in 
conjunction with other words, peaking student interest was not the only affect that students 
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experience in lab. Therefore, peaking interest should not be the only affect that curriculum and 
pedagogy focus on. The absence of student descriptions of Excited and Motivated could be an 
opportunity to focus attention on improving students’ affective experiences. 
Instructors could easily administer this list of affective words, or something similar, as a 
short worksheet and ask students to complete the task at the start and/or end of a laboratory 
experiment or even the semester. In this way, instructors would have a better idea of the 
variety of affective experiences that their students identify per experiment or per course. As 
laboratory curricula are often planned far in advance, this data could be used to modify 
laboratory instruction for the following semester or year. Not every student will be affected in 
the same way. Design of laboratory curricula needs to consider the range of affective 
perceptions that students bring to the chemistry laboratory. 
Additionally, students’ orientations toward meaningful or rote learning helped explain why 
students who expressed similar emotions responded in different ways. Perhaps students who 
view learning as an exercise in memorization view the laboratory as a place to perform a 
procedure correctly to obtain one sought after result. Students who tend to shut down when 
faced with a challenge, or when they feel confused or frustrated, are unaware that these very 
feelings could be a catalyst for meaningful learning. Students need to be taught to not be 
fearful of confusion, frustration, or anxiety, but instead to recognize those emotions as part of 
learning. This mindset could be prevalent when in laboratory environments where students are 
given choices – they want to pick the one right choice. This mindset is emphasized even more 
so when students are penalized points for insignificant details mandated by the instructor as a 
way to motivate students to prepare for lab and read the manual. We are not advocating for 
decreased student decision making; on the contrary, we are advocating for opportunities for 
students to critically analyze the possibilities and make choices without fear of penalty. 
Laboratory work ought to encourage cognitive exploration by asking “why?” without negative 
consequences.63 Laboratory work ought to allow for students to make mistakes and repeat 
procedures without punishment. Undergraduate chemistry laboratory reform ought to start 
with teaching students metacognitive practices and learning how to learn.64-66 Then students 
could be given the opportunities to see the pitfalls of rote learning and the consequences of 
ignoring meaningful learning practices. 
Limitations 
There are several limitations to this study. First, while each student was interviewed just 
once, the interviews took place over a period of several weeks during one semester. Some 
students were interviewed earlier in the semester after having completed only a few 
experiments. Other students were interviewed later in the semester and could reflect upon a 
larger number of experiments (and therefore, experiences). In the future, students could be 
interviewed prior to conducting any experiments (to document their affective expectations) and 
then multiple times throughout a semester (or even year) of chemistry laboratory to explore 
how their affective experiences change to facilitate a comparison of expectations vs. 
experiences. Such data would be exceptionally informative when analyzed in conjunction with 
students’ responses to the Meaningful Learning in the Laboratory Instrument (MLLI) at both 
the beginning and end of the semester.7 The MLLI provides a quantitative profile of students’ 
expectations vs. experiences in the undergraduate chemistry laboratory.67-68 
The sample size for this study was 8 general chemistry student and 5 organic chemistry 
students from one midwestern liberal arts university. The authors of this manuscript do not 
make any claims that the findings of this qualitative study are generalizable to the teaching 
laboratory environments of all the readers of this manuscript. The tool used in this study to 
elicit students’ feelings while in lab could be used by researchers and lab instructors to better 
understand their students’ affective experiences at their own universities, perhaps identifying 
changes in pedagogy or curricula that integrate their feeling with their thinking and doing, and 
therefore capitalizing upon the potential of the undergraduate chemistry laboratory for 
meaningful learning. 
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Example Coding Scheme 
Category Description Example Quote 
Out of 
student's 
control 
but known 
student talks about things they are 
required to do for lab; can also 
include students' lack of control 
for making decisions for how to 
carry out an experiment 
Jo (GC) “Um, inspired, they’re telling you what 
to do so you’re not inspired. Um, and then 
creative, you just follow the procedure really.”  
Erin (OC) “Organized, just along the same lines. 
Just getting ready for lab. Doing what they tell 
you that you should do. Not just thinking you 
can do fine on your own.”  
Out of 
student's 
control 
but 
unknown 
Student talks about things 
happening to them that the student 
has no control over, usually with 
no warning for when these events 
could occur 
Angela (GC) “Well, kind of, like the topic’s 
interesting but like for me, I haven’t had 
chemistry in four years so I am worried like I 
don’t remember how to use the stuff and some 
of the stuff we don’t have at our school so I have 
never seen like some of the stuff and they don’t 
explain it so unless you ask for help.”   
Pam (GC) “Um, so I just kind of let things be 
what they will be especially like when I can do a 
lab report and talk about experimental error then 
I’m like ‘well this happened and I couldn’t do 
anything about it.’”  
Perception 
of being in 
control 
Student voices acknowledgement 
of control, usually overconfidently 
Michael (OC) “Um, that’s usually with just like, 
when I have the prelab but when I write 
everything out before, I feel organized or as I go 
through and clean the glassware they put on the 
board for today. Like I’m cleaning glassware 
from before making sure everything is ready for 
later because I just want to be organized for that 
while I’m waiting or um or like with I read my 
prelab well and like everything is there for me to 
you know just to fill in the answers.”   
Holly (GC) “And it’s not that hard to fill up 
wells and place little things in them and write 
down what’s happening. Like that’s not very 
difficult.”  
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Video episodes and action cameras in the undergraduate chemistry laboratory: Eliciting 
student perceptions of meaningful learning 
Kelli R. Galloway and Stacey Lowery Bretz* 
Department of Chemistry & Biochemistry, Miami University, Oxford, OH, 45056, United States  
Abstract 
A series of quantitative studies investigated undergraduate students’ perceptions of their cognitive and 
affective learning in the undergraduate chemistry laboratory. To explore these quantitative findings, a 
qualitative research protocol was developed to characterize student learning in the undergraduate 
chemistry laboratory. Students (N=13) were observed and video recorded while performing one of their 
assigned laboratory experiments. Each student wore an action camera as well as a lapel microphone 
attached to a voice recorder to capture the experiment from the students’ perspective. A tripod camera 
was also placed unobtrusively in the lab to record the student from a third person perspective. Students 
were interviewed within 48 hours of their video recording and asked to identify specific learning 
experiences in their laboratory experiment. The self-selected video episodes were shown to the students, 
and they were asked to describe what they were doing and why they were doing it. The students’ 
descriptions were analyzed using Novak’s theory of meaningful learning to characterize their cognitive 
and affective experiences. The self-identified learning experiences were dominated by descriptions of 
psychomotor learning with few students discussing cognitive experiences. The absence of connections 
between cognitive and affective experiences revealed missed opportunities for meaningful learning.  
Introduction 
The call for research on student learning in the undergraduate chemistry laboratory has reverberated 
for many years (Hofstein and Lunetta, 1983; Lazarowitz and Tamir, 1994; Nakhleh et al., 2002; Hofstein 
and Lunetta, 2004; Reid and Shah, 2007; Elliot and Stewart, 2008; Abraham, 2011; National Research 
Council, 2012; Sevian and Fulmer, 2012). While chemists would agree that the laboratory is a central 
component of undergraduate education, the process of learning in the undergraduate chemistry laboratory 
has gone largely unexamined (National Research Council, 2012). The impetus of such research is to give 
evidence to the value and merit of the undergraduate teaching laboratory. Arguments are frequently made 
that the laboratory requires too much money, time, and resources for the lack of evidence that students are 
learning (Hilosky, et al., 1998; Hawkes, 2004). To sustain the claim that the teaching laboratory is a 
necessity to undergraduate education, evidence must be gathered to demonstrate the unique learning 
experiences students have in the laboratory. Recent reports on laboratory learning have investigated style 
of pedagogy (Jalil, 2006), peer-led learning (McCreary et al., 2006), use of simulations (Woodfield et al., 
2004; Woodfield et al., 2005; Hawkes and Phelps, 2013), student interaction with laboratory equipment 
(Malina and Nakhleh, 2003; Miller et al., 2004), student perceptions of their learning (Galloway and 
Bretz, 2015a; Galloway and Bretz, 2015b; Galloway and Bretz, 2015c), faculty goals for laboratory 
learning (Bruck et al, 2010; Bretz et al., 2012; Bruck and Towns, 2013), the role of the graduate teaching 
assistant (Herrington and Nakhleh, 2003; Sandi-Urena et al., 2011; Sandi-Urena and Gatlin, 2013), the 
effect of reform pedagogy (Tien et al, 2007; Teichert et al., 2008; Domin, 2007; Cooper and Kerns, 2006; 
Sandi-Urena et al., 2011b; Sandi-Urena et al., 2011c; Sandi-Urena et al., 2012), and research-based 
laboratory curricula (Weaver et al. 2006; Russell and Weaver, 2011; Szteinberg and Weaver, 2013; 
Winkelmann et al., 2015). 
These studies have used quantitative, qualitative, and mixed methods approaches to study student 
learning in the undergraduate chemistry laboratory. The design of mixed-methods research, while often 
more complex, can lead to an explanation of a phenomena with “greater depth and breadth” than using 
one strategy alone (Towns, 2007, p. 147). A mixed-methods strategy uses both qualitative and 
quantitative techniques within a single study (Creswell, 2003). Within a mixed-methods design, the 
researcher makes decisions as to the order of the data collection, which strategy receives the higher 
priority, and at what point the data and findings will be integrated. For example, to investigate faculty 
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goals for laboratory learning, a sequential exploratory design with priority given to the qualitative study 
that preceded the quantitative study in order to generate data for how to plan the quantitative study (Bruck 
et al, 2010; Bretz et al., 2012; Bruck and Towns, 2013). Laboratory instructors (N=40) were interviewed 
and their responses were analyzed using multiple lenses, first to identify the goals by course and 
demographic of the instructors and then using Novak’s theory of meaningful learning to characterize the 
goals as cognitive, affective, or psychomotor (Bruck et al., 2010; Bretz et al., 2012). Following the 
qualitative analyses, a survey was developed using the goals that instructors identified in the interviews 
(Bruck and Towns, 2013).  
Another series of studies invoked a sequential explanatory design to study the effectiveness of a new 
cooperative-based laboratory curriculum where the qualitative study followed the quantitative study as a 
means to explore and support the quantitative findings (Cooper and Kerns, 2006; Sandi-Urena et al., 
2011; Sandi-Urena et al., 2012). First, the Metacognitive Activities Inventory (MCAI) and the Interactive 
Multimedia Exercises software (IMMEX) were administered to students in the traditional and cooperative 
learning laboratories (Sandi-Urena et al., 2011c; Sandi-Urena et al., 2012). Findings from this part of the 
study showed that students in the cooperative based laboratory demonstrated increased use of and ability 
in metacognitive strategies (Sandi-Urena et al., 2012). Then, students in the cooperative based 
laboratories were interviewed to study the essence of the learning experiences in reformed curriculum 
(Sandi-Urena et al., 2011b). Evidence from the qualitative study supported the previous quantitative 
findings by describing the metacognitive processes that students engaged in as they “begin to solve the 
affective conflict and to try to understand how the lab operates” (Sandi-Urena et al., 2011b). In both of 
these studies, the combination of the qualitative and quantitative studies allowed for a deeper 
understanding for the phenomena of interest. 
A series of reports have been published on the development and use of the Meaningful Learning in 
the Laboratory Instrument (MLLI) (Galloway and Bretz, 2015a; Galloway and Bretz, 2015b; Galloway 
and Bretz, 2015c; Galloway and Bretz, 2015d). Designed using Novak’s theory of meaningful learning to 
measure students’ cognitive and affective perceptions towards learning in the laboratory, the MLLI is 
administered to students at the beginning of the fall semester to measure students’ expectations and again 
at the end of the semester to measure students’ experiences (Galloway and Bretz, 2015a). The MLLI has 
been used to characterize student learning at multiple institutions in both first year university chemistry 
laboratory courses and second year organic chemistry laboratory courses using a variety of analysis 
techniques (Galloway and Bretz, 2015a; Galloway and Bretz, 2015b; Galloway and Bretz, 2015c; 
Galloway and Bretz, 2015d). Major findings from those studies were that students came into their 
chemistry laboratory courses with high cognitive expectations but their experiences failed to meet those 
expectations and that students had diverse affective expectations and experiences (Galloway and Bretz, 
2015a; Galloway and Bretz, 2015b; Galloway and Bretz, 2015c). To be able to give a thick description 
(Geertz, 1973) of students’ perceptions towards their learning, the decision was made to use qualitative 
research methods to help explain the quantitative findings as part of a sequential explanatory mixed 
methods design (Creswell, 2003; Towns, 2007). Thus, the goal of the qualitative part of the larger study 
was to characterize students’ cognitive and affective experiences in the undergraduate chemistry 
laboratory while performing their regular laboratory experiments. 
Laboratory work is a unique learning environment in that students physically manipulate equipment 
with their hands – they are not sitting in a desk taking notes. Thus, research on student learning in the 
laboratory has the unique opportunity to explore students’ behaviors in the laboratory setting. What do the 
students do and why are they doing it? The study of human behavior involves observation, and with the 
advent of technology, student behavior cannot only be observed but also video recorded (Yezierski, 
2014). In Derry et al.’s (2010) review on conducting video research, the value of such data collection is 
described: 
 
“The amount of detail that can be captured in video recordings make them a powerful 
resource compared to what the human observer can record in real time.” (p. 16) 
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When a researcher conducts an observation, the field notes recorded by the researcher are the 
observations that are perceived through their sensory filter (Johnstone, 2006; Sousa, 2011). Thus, details 
are bound to be overlooked during an observation due to the finite capacity of the human working 
memory (Johnstone, 2006; Sousa, 2011). Improved video recording technology allows for observations to 
easily be recorded and watched (and re-watched) so that details are not lost. Video recording as a primary 
source for research began in the 1950’s to study mother-child interactions (Erickson, 2011). The video 
recording was able to capture both verbal and non-verbal interactions that could easily be missed by a 
field observer taking notes. Since then, video recording for research purposes has continued into the study 
of physician-patient interactions, workplace exchanges, study group collaboration, and teacher education 
(Erickson, 2011). In addition, video recording has long been used as a way to evaluate and improve 
teaching (Lampert, 1990; Carroll, 2005; Borko et al., 2008; Baecher et al., 2013; Kleinknecht and 
Schneider, 2013; Cherrington and Loveridge, 2014; Yezierski, 2014). Volet et al. (2009) video recorded 
second-year veterinary science students working on group assignments. Analysis of the video 
characterized verbal interactions, as well as group dynamics, to explore the extent to which the students 
participated in high level co-regulatory learning and co-constructing of meaning (Volet et al., 2009). 
Stieff et al. (2013) used video recordings of high school chemistry classrooms to characterize times of 
confusion, looking for both causes of confusion and ways to address confusion. Class-wide discussions 
were identified and analyzed for teacher and student dialogue (Stieff et al., 2013). Kulantunga and Lewis 
(2013) studied the behavior of peer leaders within a reformed first year university chemistry course. Two 
peer leaders were video recorded while facilitating a class, and the videos were analyzed using multiple 
discourse analysis frameworks (Kulantunga and Lewis, 2013). In these studies, the video recording 
demonstrated its utility in capturing of both verbal and nonverbal interactions where audio recording 
would have only captured verbal interactions. 
Video recording has also been used previously in research on laboratory learning. Taylor-Robertson 
video recorded 22 students in their biology laboratory course as they performed one of their laboratory 
experiments (Taylor-Robertson, 1984). The video recording was then used in a subsequent interview with 
the students to prompt conversation about the students’ thoughts, feelings, and actions when they were 
performing the experiments. Taylor-Robertson categorized the students into three groups based upon the 
cognitive processing they described in the interviews: think as little as possible, think procedurally, and 
think meaningfully. A major implication from Taylor-Robertson’s work was to design curriculum that 
required students to think more for themselves rather than allowing them to get by without needing to 
think about their actions. Unfortunately, no peer-reviewed publications emerged from this research.  
In chemistry education research, video recordings (in addition to field observations) have been used 
to both document student behavior in the undergraduate chemistry laboratory and to evaluate graduate 
teaching assistants. Similar to the professional development for teachers, graduate teaching assistants 
were video recorded for formative assessment as part of a training program (Rodriques and Bond-
Robinson, 2006; Bond-Robinson and Rodriques, 2006). The video recordings were used for evaluation by 
the faculty coach (Rodriques and Bond-Robison, 2006) as well as for self-evaluation (Bond-Robinson and 
Rodriques, 2006). Audio-visual recordings were captured with a video camera mounted on the ceiling of 
the laboratory room (Rodriques and Bond-Robison, 2006). As the graduate teaching assistants were the 
subject of investigation, they wore wireless microphones (Rodriques and Bond-Robison, 2006). All 
audio-visual recordings were wirelessly transmitted through the local area network so that the researchers 
could observe and adjust the camera angle remotely (Rodriques and Bond-Robinson, 2006; Bond-
Robinson and Rodriques, 2006). Malina and Nakhleh (2003) video recorded and interviewed upper 
division analytical students using a CCD spectrophotometer to understand how the students attributed 
meaning to the data collection and analysis using the instrument. The videos were analyzed for patterns in 
the interactions between the students and the instruments, and small groups of students were shown video 
of other students performing the experiment to elicit conversation about how the instrument works 
(Malina and Nakhleh, 2003). While many students could talk through how to use the spectrophotometer, 
they admitted to focusing on completing the experiment quickly and still getting a good grade rather than 
seeking to understand the theory behind the instrument (Malina and Nakhleh, 2003). Cooper & Kerns 
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(2006) interviewed, surveyed, and video recorded students “using two small unobtrusive cameras placed 
around the laboratory” to study how students were working with in the context of a redesign, project-
based chemistry laboratory course. The cameras were in place for the entirety of the semester to observe 
how the students evolved through the new curriculum (Cooper and Kerns, 2006). The video recordings 
captured student interactions and the development of collaborative meaning making as students worked 
through a series of experimental procedures to identify an unknown compound (Cooper and Kerns, 2006). 
Teo et al. (2014) video recorded two lessons in a study to evaluate flipped teaching in the laboratory. Part 
of the flipped design involved creating and disseminating videos of how to carry out techniques that the 
students would use during the experiment. The video recording saw the students referring back to the 
video instead of seeking personal help from the instructor when they were unsure of how to proceed (Teo 
et al., 2014). Each of these studies used video recording to capture details of student behavior in the 
laboratory that might have otherwise been missed by only recording field notes. Additional data sources 
were also collected and the video recording was supplemental to those sources. Cooper & Kerns (2006) 
and Teo et al. (2014) sought to evaluate a new curriculum; Malina and Nakhleh (2003) investigated 
students’ affordances to a specific piece of laboratory equipment. Malina and Nakhleh (2003) did use 
video in the interviews, but the students were not reflecting on their own experience but rather explaining 
the proper technique for the spectrophotometer. While each study stated use of video to record student 
behavior, little detail was given as to the mechanics of the video collection. With increased technology for 
video recording, this data collection is a valuable method of researchers seeking to explore student 
behavior and learning experiences. 
Therefore, this study set out to use both interview and video recording methods to study students’ 
learning experiences in the undergraduate chemistry laboratory to seek deeper insight into the quantitative 
findings from the MLLI studies. The methods from Taylor-Robertson were modeled to be able to both 
capture students’ behavior and learn about their perspectives of what they were doing and why they were 
doing it. 
Theoretical Framework 
The learning theory guiding the research design and analysis was Ausubel and Novak’s Theory of 
Meaningful Learning (Ausubel, 1968; Novak, 1993; Novak, 2010; Bretz, 2001). In his study of 
educational psychology, Ausubel (1968) outlined the necessary conditions for meaningful learning: the 
learner must have relevant prior knowledge, the new knowledge must be presented in a nonarbitrary way, 
and the learner must then deliberately choose to connect the new knowledge with the prior knowledge in 
a non-trivial way. Meaningful learning is contrasted against rote learning where the learner makes only 
arbitrary connections between new and old knowledge, i.e. memorization (Ausubel, 1968). Rote learning 
can also take place when the learner does not have the relevant prior knowledge necessary to make 
nonarbitrary connections (Ausubel, 1968). Novak furthers Ausubel’s theory, stating that the process of 
meaningful learning is “foundational to both the psychological process of cognitive development of 
individuals and the epistemological process of new knowledge construction” (Novak, 1993, p. 167). 
Humans are not born with preconceived ideas about the world, but they create ideas about the world 
based upon their experiences (Novak, 1993). The process of knowledge creation is “a form of meaningful 
learning” involving “recognition of new regularities in events or objects, the invention of new concepts or 
extension of old conceptions, recognition of new relationships (propositions) between concepts, and, in 
the most creative leaps, major restructuring of conceptual frameworks to see new high order 
relationships” (p. 183). How a person recognizes patterns, new relationships, or makes new meaning in 
any way is based upon the “human and value-based character of knowledge and knowledge production” 
(p. 186). Human knowledge production is made distinct in its “constructive integration of thinking, 
feeling, and acting” (p. 188). Stated another way: when a person constructs meaning from his/her 
experiences, s/he engages in cognitive learning (thinking), affective learning (feeling), and psychomotor 
learning (acting). Each of these systems is unique but interactive as the human brain works to make sense 
of an experience (Novak, 2010). Research also shows that the brain’s memory storage systems are 
interconnected implying that when a memory is retrieved the cognitive, affective, and psychomotor parts 
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of that memory are retrieved as well (Niedenthal, 2007; Touroutoglou et al., 2015). Thus, when a student 
learns, the creation of new meaning is based in part on prior thinking, feeling, and doing as well as the 
new thinking, feeling, and doing. It is not only the new material that influences the learning, but the prior 
knowledge and experiences as well. 
In the undergraduate chemistry laboratory, students conduct experiments by carrying out laboratory 
procedures – the “doing” of chemistry. While their psychomotor learning is more obvious and visible to 
the students themselves and the instructor, their cognitive and affective learning systems are also 
functioning, but unseen. This study was designed to explore students’ cognitive and affective learning 
while performing chemistry laboratory experiments. A qualitative research protocol was designed to seek 
an in-depth understanding of the students’ learning experiences in their undergraduate chemistry 
laboratory courses. 
Research Questions 
The overarching research question for the mixed-methods study was: what cognitive and affective 
experiences do students identify as meaningful in their undergraduate chemistry laboratory course? This 
article specifically answers the question framing the qualitative interview and video protocols: how do 
students describe their experiences in the undergraduate chemistry laboratory course?  
Methods 
A qualitative research protocol was adapted from Taylor-Robertson (1984) and developed to use both 
interview and video methods. To explore why students do what they do while in the chemistry laboratory, 
the decision was made to video record students while they performed typical laboratory experiments. 
Then, within 24-48 hours following the experiment, each student would be interviewed. The video 
offered the opportunity to not only observe students in the laboratory setting but also to conduct the 
interview as the students were asked to watch themselves and answer questions about their actions. 
Descriptions of the sample, laboratory context, pilot study, full study and data analysis are detailed below. 
Sample Description and Context 
This study took place at a mid-sized university in the Midwestern United States during the fall 2013 
semester. The courses of interest were first-year university chemistry (GC) and second-year organic 
chemistry laboratory (OC) for this study science majors other than chemistry.  
In GC, students performed 10 experiments in a 15 week semester. These experiments were a mixture 
of confirmatory and structured inquiry (Bruck et al., 2007; Fay et al., 2007). The topics covered were 
stoichiometry, acid/base, oxidation-reduction, thermochemistry, quantitative analysis, and properties of 
gases. Students worked individually or in small groups to collect data in a 3-hour lab period. Lab reports 
were completed individually and due the week following the experiment. The reports were formatted as a 
summary worksheet with one formal report during the semester. Each lab room held 42 students working 
at long benches with 2 teaching assistants (TAs) per room. 
In OC, students performed 9 experiments during the 15 week semester which included both structured 
and guided inquiry format (Bruck et al., 2007; Fay et al., 2007). These experiments focused on teaching 
the techniques of extraction, separation, purification, recrystallization, TLC, IR, distillation, and reflux 
with many having explicit real world connections. Students worked in pairs and often collaborated in 
larger groups during the 3-hour class. Reports consisted of written responses to laboratory questions due 
the following week, with the exception of two formal reports which students were given 2 weeks to 
complete. Each lab room held 30 students working at hoods and 1 TA. 
Institutional Review Board (IRB) approval was obtained prior to data collection. Students were 
selected to participate in this study using stratified purposeful sampling (Patton, 2002). The objective of 
this sampling technique is to capture large variation rather than the central tendencies of the sample, even 
though the central tendencies can emerge as themes during analysis. The sampling strategy and the 
sample for this study have been previously described in detail; a short overview is given here (Galloway 
et al., 2015). Volunteers were recruited in conjunction with MLLI data collection (Galloway and Bretz, 
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2015a). Scatterplots were constructed for students’ affective vs. cognitive MLLI responses (Figure 1). 
Quadrants were constructed using median responses (as shown by the solid lines) rather than 50% in 
order to select students from the sample with varying combinations of high and low expectations in each 
domain. The volunteers who were invited to participate in interviews had diverse MLLI scores and 
demographic profiles (Table 1). Participation in the study was completely voluntary. Of the 82 students 
who indicated interest in being interviewed, 13 (16%) participated in the video observation and interview. 
Students were given pseudonyms to protect their identity. 
 
 
Figure 1. Scatterplots of MLLI pre-test affective vs. cognitive averages for all students, those who 
volunteered, and those who participated in the study. The solid lines represent the median cognitive and 
affective responses for the sample. Reprinted with permission from Galloway, K. R.; Malakpa, Z.; Bretz, 
S. L. (2015). Affective experiences in the undergraduate chemistry laboratory: Students’ feelings about 
control and responsibility. Journal of Chemical Education. In Review. Copyright 2015 American 
Chemical Society. 
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Table 1. Participating students and their characteristics. 
Pseudonym Course Experiment Major Year 
Angela GC 
Determination of empirical 
formula 
Geology & Music Performance 
Second 
Year 
Pam GC Titration using pH electrode Biology, pre-medicine First Year 
Holly GC Activity series of metals Biology & English Literature First Year 
Kevin GC Calorimetry Biology First Year 
Dwight GC Quantification of Cu in a penny Biology, pre-medicine First Year 
Toby GC Gas laws Mechanical Engineering First Year 
Jo GC Gas laws Microbiology, pre-medicine 
Second 
Year 
Meredith GC Gas laws Microbiology, pre-medicine First Year 
Phyllis OC Introduction to TLC Nutrition 
Second 
Year 
Erin OC Introduction to TLC Zoology & Sustainability 
Second 
Year 
Jan OC Anthocyanins & anthocyanidins 
Chemical Engineering, 
concentration in paper science 
First Year 
Michael OC Distillation of essential oils Undecided, probably biology 
Second 
Year 
Jim OC SN1 Reactions Chemical Engineering 
Second 
Year 
 
Data Collection 
A pilot study was conducted during the 2013 spring semester in order to determine the mechanics of 
the video recording. A single camera on a tripod was placed in the laboratory to capture the student’s 
work space, and the participating student wore a lapel microphone attached to a voice recorder that was 
placed in the student’s pocket during the experiment. The first author made observational notes during the 
experiment. While the voice recorder was able to capture the student’s conversation, the tripod camera 
did not capture all that the student did during the lab period. In the GC laboratory rooms, the students 
work at long work benches. When a participant was on the end of the row, s/he could easily be recorded, 
but if a participant worked in the middle of the bench, there was no optimal location for the tripod camera 
to capture the student’s behaviors. For the OC lab rooms, the students work at hoods that line the walls of 
the room or in the middle of the room. Again, there was not always an optimal location for the tripod 
camera to capture the participant while not interfering with other students. In both courses, when the 
participants moved away from their work space (to go to the balance, take a melting point, get equipment, 
etc. as the procedure routinely required the students to do), they were no longer visible through the tripod 
camera and that section of lab time was not recorded. Thus, in the interview, any self-reflection about 
these episodes relied heavily on a student’s memory rather than prompting from the video. 
After the pilot study, the decision was made to add an action camera to the recording equipment. The 
Looxcie LX2 camera (Looxcie, Inc., 2014) is worn over either the left or right ear. The camera faces out 
from the student’s face chin-level and captures everything the student sees, says, and does from a first-
person perspective (Figure 2). In this way, the student’s hands and physical manipulation of equipment 
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was included in the video allowing for analysis of how the student carried out the experiment instead of 
solely relying on the student to recall his/her experiences. 
 
 
Figure 2. Images of students’ points of view captured on the Looxcie action video camera: (A)Pam, 
(B) Holly, (C) Jim, (D) Meredith, (E) Phyllis, and (F) Dwight. 
 
Students were interviewed within 24-48 hours after their laboratory experiment. A semi-structured 
interview protocol (Box 1) was developed using a multi-phase protocol for the larger qualitative study. 
The first phase of the interview has been described elsewhere (Galloway et al., 2015). This paper focuses 
on the final phase of the interview when the student viewed selected video clips and talked about the 
experience. For the pilot study, the interviewer selected the video clips to show the student. For the full 
study, the interviewer sought assistance from the participant to select video clips to watch by asking 
questions such as times when the student had an “aha” moment, was confused, felt lost, got stuck, was 
just going through the motions, and/or understood the majority of what was going on during the 
experiment. The choice to allow the student to select the clips facilitated learning about the experiences 
the student was drawn to, and therefore deemed important, rather than responding to a list of interview 
questions crafted by the researcher a priori. 
 
 
Box 1. Sample Interview Questions 
• What were the purpose of your actions here? 
• What were you thoughts while performing this experiment? 
• What were your feelings while performing this experiment? 
• What was a particular technique you have learned in the lab? 
• What was the intention/reason/purpose for the use of certain 
techniques for your laboratory experiments? 
• What concepts the experiment was covering? How well do you 
think performing the experiment helped you understand the 
concepts?  
• What other activities, exercises, etc. did you feel like you had to 
use to try to understand the concepts? 
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Limitations 
The methodological choices made in this study guided the results. Rather than the researcher selecting 
the video episodes as in DeKorver & Towns (2015), the interview was designed to solicit student 
identified learning experiences. In this way, the interview was guided by what the student felt was 
important to learning to explore his/her perspective. This technique may have inadvertently omitted 
additional episodes that might have been informative, but we chose to study laboratory learning from the 
students’ perspective rather than guiding the interview from the expert perspective. 
The students in this study were observed and interviewed at discrete points throughout the semester. 
Some students participated at the beginning of the semester after conducting only 2 experiments prior to 
the interview and others were observed on their final experiment of the semester. Those who participated 
towards the end of the semester could have grown or changed perspectives from students at the beginning 
of the semester. Longitudinal studies could be conducted following the same students throughout a 
semester, year, or entire chemistry laboratory sequence to investigate how their perspectives towards 
learning evolve over time. 
Data Analysis 
Interviews were transcribed verbatim. The videos were watched, and running commentaries were 
created instead of verbatim transcription. Analysis began using open coding; codes were created to give a 
name to the students’ descriptions of their experiences (Saldaña, 2013). After open coding, constant 
comparative analysis was used to examine the similarities and differences within the students’ 
descriptions as a way to refine the codes (Corbin and Strauss, 2008). Categories of codes were then 
created in order to identify patterns and themes that characterized the students’ experiences (Saldaña, 
2013). Analysis of the videos was embedded into the interview analysis because students discussed their 
experiences while watching the selected video clips. Students’ descriptions during the interview were 
compared with their behavior in the video. The meaningful learning framework was subsequently used as 
an additional lens to characterize students’ experiences. Interview and video analysis was managed using 
NVivo 10 (NVivo, 2012). 
Results & Discussion 
Student Selection of Video Episodes 
Some students noted multiple instances in response to the questions intended to prompt the selection 
of video clips, while other students only offered a single experience or sometimes none at all. The 
students’ answers to the question “when was a time when you felt like you were learning something?” 
were analyzed and categorized using the meaningful learning framework. This analysis led to the creation 
of four categories of students’ self-identified learning experiences: Cognitive, Psychomotor-General, 
Psychomotor-Specific, and No Learning. No student explicitly talked about affective learning experiences 
when initially selecting video clips.  
Students’ responses were categorized as “cognitive” when the student worked towards understanding 
the chemical ideas during the experiment. Angela (GC), Dwight (GC) and Erin (OC) each described such 
a cognitive learning experience. For Angela, her “biggest insight” occurred when she “was writing down 
an observation.” Angela was determining an empirical formula and had added the Al to the CuxCly 
solution to precipitate out the Cu. During the interview, Angela noted how other students were asking 
“what’s going on?” during this part of the experiment. Angela described her thoughts while writing down 
her observations: 
 
“I was like ‘well it looks like the Al is rusting oh wait something is forming around the 
Al.’ And that was like a big thing because we dissolved it later and it made sense why 
that was going on. So some people were like ‘there’s still shiny in here and it needs to go 
away’ and I’m like ‘that’s Al.’” 
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Angela realized that the excess Al in solution was not an error and that it dissolved later when she added 
concentrated HCl. The act of writing down her observations in conjunction with listening to the questions 
from her peers helped Angela to think through this step of the procedure. 
Erin also interacted with her peers, along with her other resources, to make sense of the new 
information she was learning. Erin conducted a thin layer chromatography (TLC) experiment where the 
students first explored the polarity of functional groups and solvent mixtures and then were tasked with 
choosing an adequate solvent to separate a component mixture. She explained: 
 
“When we were picking our solvent mixture for part two and looking at the compounds… 
I kind of explained it to my lab partner, but I was kind of sitting there looking at it and 
looking at the compounds and then reading through the lab manual again and that was 
definitely a learning moment for me. It kind of really solidified that for the polar 
molecules, you know, more nonpolar solvents aren’t gonna move up as fast. So that was a 
really good solidifying moment for me in my learning process.” 
 
Erin needed to choose a solvent mixture to separate the components. She used information from the 
polarity exploration at the beginning of the experiment, talked it out with her partner, referred back to the 
lab manual, and synthesized her ideas. In addition, Erin exhibited metacognitive skills in reflecting upon 
this learning experience. During the interview, she talked through the process she took to make the 
decision instead of just picking a solvent without an explanation. Erin’s description shows she worked 
through the concepts behind the experiment to forge a positive integration of her cognitive and 
psychomotor experiences. 
Dwight’s example of learning was also cognitive, but in contrast to Angela and Erin, he spoke of a 
part of the procedure that he did not understand prior to completing the experiment (determining the 
amount of Cu in a penny using UV-vis spectroscopy). When asked for a learning experience during this 
experiment, he said: 
 
“Um yeah I know uh let’s see at first I didn’t let’s see I didn’t see exactly how the 
standard solutions were going to work.” 
 
Coming into the experiment, Dwight knew he had to make standard solutions for the calibration curve, 
but he didn’t understand how to make the standard solutions to be the necessary concentrations. At the 
time of this question in the interview, Dwight did not elaborate on whether or how he came to understand 
how the standard solutions worked, but he did give this example when asked to cite a learning experience, 
so the inference can be made that he came to understand through doing the experiment. Thus, for Dwight, 
the physical act of carrying out the experiment helped him understand how to make solutions of a certain 
concentration. 
The next student identified learning experiences were two psychomotor categories, both specific and 
general. The difference between these two categories is student’s choice to talk about learning a specific 
technique, how to use a piece of equipment, etc. versus a broad discussion of the “doing” of chemistry. 
Kevin (GC) and Holly’s (GC) responses both fell within the latter category. Holly carried out the 
reactivity series of metals experiment, and Kevin performed an experiment to explore the enthalpy of salts 
in order make hot and cold packs. Both students expressed a familiarity with the materials. Holly had 
performed a very similar experiment in high school, and Kevin felt the procedure for this lab was “fairly 
straightforward.” Even though neither student identified specific learning moments, they both spoke of 
learning by doing.  
 
Kevin: “Um, hands on so just doing it I guess. Like actually putting into practice what 
my professor is going on and on about.” 
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Holly: “Um but I don’t know, I kind of like things like that because I’m doing instead of 
just reading like this is the activity series. Like I kind of like that investigative chemistry. 
Like, do this, and figure out what it is based on your experiment.”  
 
Kevin described how he learned by physically doing the “theoretical things” his professor talked about in 
class. Holly explained how she enjoyed the experiment even though it was not new to her, she still had 
something to do and figure out what it meant. These examples were categorized into psychomotor – 
general because of Kevin and Holly’s emphasis on carrying out the experiments and the hands-on 
experience, but these examples also include an affective component. For Kevin, he was able to make 
sense of the things his professor talks about in class. By making these connections, he was able to see the 
relevance of the things he is learning in his chemistry lecture course. In addition, he spoke of his 
enjoyment of the “hands on” doing of chemistry. For Holly, the style of the experiment appealed to her 
where she was carrying out an activity to use her observations to explore a phenomena and later make 
conclusions about the materials. Her situation was similar to Karplus’s Learning Cycle of exploration, 
concept development, and application (Karplus, 1980). Holly was not looking to be told the answer but 
rather to explore on her own to better understand a chemical process. 
Jo (GC), Toby (GC), Michael (OC), Jan (OC), and Phyllis (OC) spoke of specific techniques, 
procedural steps, or equipment that they learned to use for their learning experiences. Phyllis named a 
specific technique that she learned during the experiment: 
 
“Um, let’s see there was yeah, um, well obviously I learned how to do the 
chromatography. Didn’t know how to do that before.” 
 
Phyllis mentioned her conducting TLC as a learning experience because it was a new skill that she did not 
have prior to this experiment. Rather than a specific technique, Jan and Michael described the assembly of 
different apparatuses as learning experiences:  
 
Jan: “I think, like, most like learning ‘aha’ moment was just, like, making sure, like, 
realizing that I, like, when the TA came to check when our stuff was set up for the reflux 
correctly, like he didn’t have to change anything, like it was correctly done the first time 
and I was like ‘woo.’” 
Michael: “I guess when we were setting up the apparatus I was learning how to put that 
together. Um I was learning how it worked I guess.” 
 
Jan cited her correct reflux set-up and Michael his steam distillation set-up as learning experiences. While 
assembling glassware can be considered an important skill for organic chemistry, an understanding of the 
set-up alone is not the sole learning objective for conducting the experiment. Yet, Jan and Michael 
identified these instances as their sole learning experience during their observed experiments. In a similar 
way, Jo and Toby stated their understandings of the procedures, knowing how to carry out each step, as 
their learning experiences. Both Jo and Toby carried out an experiment to explore the relationships 
between pressure, volume, and temperature for the gas laws. Jo answered the learning experience 
identification question by saying: 
 
“Um I think it was the temperature one? Pressure temperature? When we had it like 
there’s a small little container hooked up to the pressure meter thing and um then we put 
it in the water and it like we had to wait for it to stabilize. Um, that one I, like, knew all 
the steps to it.” 
 
Jo’s response demonstrated that she believes she learned something in the laboratory because she knew 
how to carry out all the steps. Note that she did not say she understood the purpose for each step. As with 
all the students who spoke of psychomotor learning experiences, their focus was on the physical 
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execution of the experiment rather than incorporating any thinking about the underlying chemistry and the 
hows and whys of each procedural step. 
The final category of student identified learning experiences was the “no learning” category. Students 
were labeled “no learning,” when they claimed that they did not learn anything at all during the 
experiment, as was the case with Pam (GC), Meredith (GC), and Jim (OC). Meredith gave a straight “no” 
without any explanation to the question of whether there was a time where she felt like she was learning 
during the experiment. Jim and Pam were more hesitant to admit to not learning anything during the 
experiment and gave explanations for their responses: 
 
Jim: “No it was all things that we’ve done before. … Um setting up the vacuum filtration, 
like weighing it out. Um pretty much everything was what I had done before. So it was 
just kind of repetitive.” 
 
Pam: “Not really. Because I mean this is stuff number one I know pretty well and number 
two it’s kind of a boring experiment.” 
 
Because nothing in this experiment felt new to Pam and Jim, they did not believe that they learned 
anything. Like the students in the previous category, they only focused on carrying out the procedures 
rather than consider the underlying chemical concepts. Meredith, Jim, and Pam spent the allotted time in 
the lab room performing the experiment, but did not believe they learned anything from being there. The 
absence of any identifiable learning experiences spoke to their perception that the purpose of the 
laboratory was a requirement to fulfill rather than a learning environment. 
 
Students’ Descriptions of Their Behavior 
After the students identified learning experiences and selected video episodes, the interviewer located 
the chosen clips and watched them with the students. In addition to the selected clips, the interviewer also 
let the video continue to play as a discussion prompt. Stopping the video every so often, the interviewer 
asked the students to talk about what they were doing in the clips. This conversation allowed the students 
to describe their behavior, what they were doing and why, and to discuss the purpose of the step in the 
procedure as a whole. As each student was participating in performing an experiment in some way (the 
“doing”/psychomotor part of learning), analysis of these conversations resulted in dividing students’ 
descriptions into cognitive and affective experiences that the students gave while talking about their 
experiences in the laboratory. 
 
Cognitive Descriptions. The cognitive descriptions that students gave focused on the chemistry 
content associated with the experiments they did. Erin natural began talking about her chemistry 
knowledge when she was asked how she decided for which solvent to use to separate her component 
mixture: 
 
“Ok. This was, ok, so we did it in a 50/50 hexane, and we didn’t get very much movement 
at all of our compounds. Not very much separation. So we were kind of, which was to be 
expected, you know, they told us you’re not going to get very much separation, that’s the 
point so that you figure it out. So we kind of talked, and were like, ok well we know that 
looking at our compounds, looking at acetaminophen, looking at acetyl salicylic acid and 
caffeine, they are all highly polar. You know I can tell, it’s a carboxylic acid, we have an 
ester, we have an amide. I know that these are polar molecules. And so if I want more 
separation, I don’t want to make it more nonpolar because if it’s more nonpolar it’s 
going to adhere to the polar surface. So that was kind of the logic that we went off of, 
well if we want more separation, we can’t make it more nonpolar, therefore we have to 
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do the opposite which is making out solvent more polar. We just switched it. We were like 
ok if was 80/20 [hexanes/ethyl acetate] before, why don’t we just do 20/80.” 
 
Erin’s remarks were unusual in that students rarely talked about their chemistry knowledge without 
prompting from the interviewer. Once prompted, students would explain the purpose of a technique or 
why they performed a step in a certain way. For instance, Dwight was asked about how the UV-vis 
spectrophotometer works and he explained:  
 
“What is does, um, so it sends out light at a certain wavelength and I guess it has a 
sensor on the other side to see how much got through and then it knows how much it sent 
out and how much got through so then it can subtract and see how much was absorbed, I 
think.” 
 
Jan, who often described herself as discouraged when carrying out the procedures, was asked if she 
understood the purpose of the procedures she was carrying out (extracting anthocyanins from berries, 
hydrolyzing them, and characterizing them with both UV-vis spectroscopy and paper chromatography). 
Surprisingly confident, she answered: 
 
“Yeah they made sense because when it comes out of the first thing, it had a lot of 
sediment stuff like the seeds and stuff at the bottom. So we just wanted the liquid because 
that’s where the compounds were dissolved into. So it makes sense that we would do that, 
and that we would centrifuge it to get all the particles as well to the bottom as possible 
and then do that again.” 
 
Jan was able to make sense of and affirm the observation she and her partner made about their solution 
during the solid-liquid extraction. Similarly, Holly explained how she would create an activity series from 
her observations: 
 
“I confused myself a lot, but, like, um, if you put Mg, since it reacted with everything, that 
means that it was, um, a stronger metal, was able to push the other one out of the way or 
whatever. So when you put the other metals in the Mg, it wouldn’t, it’s stronger than they 
are so it’s not going to push them out of the way. So you wouldn’t expect to see anything. 
… Yeah. It was kind of the opposite with Cu. Like, nothing reacted, and then, like, in the 
CuSO4, everything reacted.” 
 
Holly was able to take ideas and apply them to the observations and data that she collected during her 
experiment to explore the reactivity of certain metals.  
Other students attempted to explain chemical concepts, but found it difficult to generate explanations. 
Some students reasoned from fragmented understandings when asked the purpose of the techniques they 
were carrying out, as did Phyllis when asked about the purpose of the filter paper (wick) in the beaker for 
the TLC: 
 
“I just saw it in the book and I think it’s um I saw something in the book for it’s kind of 
purpose but I forget. I don’t exactly remember. It helps with like evaporation or 
something. Or like the running of the water.” 
 
Phyllis thought the filter paper must be useful because she saw it in the scheme in the laboratory 
notebook. She began correctly talking about evaporation, but failed to articulate correct reasoning. This 
was particularly surprising given that just minutes earlier in the interview, Phyllis described the solution 
in the bottom of the beaker: 
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“It is a solution. Basically the 80/20 is like the composition. So it’s 80% hexane, 20% ET 
ethyl acetate. And that is for the solution that goes in the bottom of the beaker for the 
chromatography.” 
 
Phyllis had knowledge of what liquid was in the bottom of the beaker; yet, when she discussed what was 
happening inside the beaker, she could not make the connection between the solution that was poured into 
the beaker and making sense of the use of the filter paper.  
Jan provided another example of fragmented knowledge prompted by the video segments when asked 
about the purpose of a technique. When asked about the hydrolysis in her experiment and the purpose of 
the reflux, Jan replied: 
 
“Mm. Um, I haven’t looked at my lab yet to finish it up for the week but um the only thing 
like hydrolyze sounds like, hydro which is water, so it sounds like adding water or adding 
hydrogens to the molecule which I know how like we talked that was in our reading was 
how it changes when you hydrolyze it like it’s supposed to break something off I think and 
change it into a slightly different compound. So I guess that’s going on but I don’t know 
how this does it…And we also noticed like with the condenser, the water was slowly, like, 
there was water condensing on the outside, too, that was dripping into the solution. I 
don’t know if that was supposed to happen but it was happening for everyone so I figured 
it was ok. Um I figured like I don’t know what I figured. I figured it was important.” 
 
First, Jan admitted that she had not yet thought about the purpose of the hydrolysis or the reflux, 
suggesting that it would come when she worked on the report. Second, she attempted to make sense of 
hydrolysis by focusing on “hydro-” but overlooking “-lysis” in her explanation. Then, Jan voiced her 
concern about the reflux while not knowing the purpose of the condenser. Nonetheless, Jan manipulated 
equipment and collected data all while not understanding the purpose of using certain glassware and even 
being wary of their ability to function properly.  
Jim’s fragmented ideas were made clear when he was asked what evidence would confirm his final 
product was what he intended: 
 
Jim: “I mean, ok, I guess I don’t know for sure if we did. We didn’t like we didn’t do the 
IR spectrum that’s next week when it dries but it looked like everybody else’s. It looked 
like it didn’t change very much which was good because I think we were only changing 
like one thing so it didn’t like it didn’t change it too much.”  
Interviewer: “Ok.”  
Jim: “The weight, the masses kind of made sense.”  
Interviewer: “What would make sense for the mass?” 
Jim: “It was going to be a little more um than what we had but it was still like relatively 
close.”  
Interviewer: “Um what from the IR from next week will give you uh like assurance that 
you got the right product?” 
Jim: Well I guess I could take it, if I really want to make sure I could take it and compare 
it like look up the IR spec online and see if they are the same thing and compare them 
and see if they’re close.” 
Interviewer: “So compare your IR with the?” 
Jim: “The accepted IR spectrum” 
 
Jim first discussed the mass of the final product in an SN1 reaction where a chloride is substituted for a 
hydroxyl group. Jim assumed that he made the right product because the product molar masses were 
similar and the mass of his product was similar to the mass of his reactant. When pressed for further 
evidence, such as the absence of a hydroxyl group on the IR spectrum he would take the following week, 
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Jim admitted he would just compare his IR spectrum with one he finds on the internet to see if they are 
similar, rather than consider how the IR gives a chemist evidence for what functional groups are present 
in the product. Instead, he sought to affirm his decision by seeking the “accepted IR spectrum” to make 
sure his looked similar enough to call his product correct.  
Lastly, when asked to explain the purpose of the distillation Michael performed, he stumbled around 
trying to answer before admitting that he stilled need to figure it out. He began saying: 
 
“I’m not even quite sure. Like I said, I have to look it up after. But uh, … geez, I guess to, 
I don’t know, to gain more molecules from a substance I don’t know.” 
 
When asked to explain his thought process, Michael responded by saying: 
 
“Oh it’s being heated up. You’re collecting, I know you’re collecting the steam like I get 
that point but I don’t know what it’s doing with the stuff that’s in there. I understand 
there’s, you’re, I don’t know if you’re purifying, I don’t know to be completely honest, 
I’m not sure.” 
 
Like Phyllis earlier, Michael’s explanation began with accurate ideas until he admitted to himself that he 
did not know. Rather than attempt to use his chemical knowledge to craft an explanation, Michael gave 
up. The solution that Michael provided to this dilemma was to look up the answer later. He carried out the 
experiment, wrote down the data, and left lab on time. Yet, he had not stopped to think about what he did 
during lab or why. Michael considered the writing of the lab report as the appropriate time to think 
through the experiment. Michael was not the only student with this mindset as Angela, Dwight, Holly, 
Jan, and Pam also clearly indicated they often choose to “figure it out” later (after lab) instead of thinking 
about the experiment in real time. 
 
Affective Descriptions. Within each student’s descriptions of their laboratory experiences, they 
reported a variety of emotions including worry, frustration, triumph, excitement, enjoyment, and 
boredom.  
As noted previously Kevin and Holly reported that they enjoyed “doing chemistry.” Other students 
also expressed this sentiment, indicating their general enjoyment of being in the laboratory room, 
including Toby, who, when asked at the end of the interview if there was anything else he would like to 
say about his experience said: 
 
“It’s definitely different from what I’ve [done before] because I haven’t had much of an 
experience so it’s just kind of like just neat to do all this stuff … Doing chemistry is pretty 
cool.” 
 
To Toby, the act of carrying out experiments in the laboratory was enjoyable because he recognized that 
he was learning new procedural skills even though he did not think he was learning any new chemistry 
knowledge. While few students were as explicit as Kevin, Holly, and Toby about their enjoyment of 
carrying out the procedures, other students expressed interest about specific aspects of the procedure: 
 
Phyllis: “I was like oh that must be an impurity in the aspirin because it’s the same Rf as 
a different one with the same solution. That was kind of interesting.”  
Jim: “Oh it was fine, I guess if I thought about what was happening, it’s a little different 
because we’re replacing the um the hydroxide molecules I think with the chlorine 
molecules and you’re like replacing it in the solid. So it’s kind of interesting.” 
Dwight: “And it was cool to see the penny dissolve, all the gas.” 
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Phyllis was interested in an impurity she thought found in her TLC; Jim found it interesting that the 
molecules were just switching in solid form (even though the reaction involved a solvent, but Jim did not 
understand the steps of the reaction). Even though Phyllis’ and Jim’s interests were connected to 
fragmented ideas, they did find the way that they understood their results to be interesting. Dwight’s 
feelings came as a result of the color change and gas emission during the dissolving of the penny: 
 
“Yeah I don’t know if it is here but I know at one point in this lab I was over here and 
somebody was like ‘this is the first exciting lab because they all change colors.’” 
 
Dwight’s remark here was indicative of his experience thus far in the semester and his expectation that 
perhaps there wouldn’t be exciting physical observations. Dwight’s observations were different than 
previous experiments as the color change and gas emission were unexpected which was somewhat 
enticing for Dwight and his peers. 
Students described a range of emotions when they discussed the challenges they faced and whether 
they were able to overcome those challenges. Pam’s and Jan’s descriptions of overcoming obstacles 
included the sense of satisfaction they felt. Pam explained of why she preferred the traditional titration 
over the modern titration: 
 
“I think doing titrations with the indicator is kind of fun because I like getting to that 
perfect light pink. It makes me feel like I did the titration well. Or with the pH and the lab 
quest you just don’t get that feeling of triumph.” 
 
Pam spoke of how rewarding it felt when she attained the “perfect light pink” during the color change at 
the endpoint of the titration. She acknowledged the work and effort it takes to stop the titration at just the 
right point at the right color, and thus, she felt rewarded when her hard work pays off. Because the visual 
effect was not the same for the modern titration, she did not express the same emotion at its endpoint. 
Jan’s feeling of overcoming obstacles came at the end of explaining the difficulty she and her partner had 
grinding up their berries for the anthocyanin extraction. Every other group had already moved multiple 
steps ahead while they were still on step one. Jan described the situation saying: 
 
“I was getting pretty annoyed. I was… So I was getting really, this is stupid. Because 
everyone else already had their’s ground and were making their samples and by the time 
we got to the centrifuge everyone had already put theirs in so we had to wait the whole 
10 minutes that they centrifuged to do our sample. … I mean it was, it started off pretty 
bad, it wasn’t, like after that it wasn’t like hard it was just stressful because we already 
felt like we were really behind so like we were trying to catch up. And then we felt caught 
up and then it didn’t matter and when our reflux was over, we all had to wait for the 
same machine anyways so then that was like, we just felt like we were standing around 
doing nothing.” 
 
Jan struggled at the beginning of this experiment and felt this situation created a setback for her for the 
remainder of the experiment. But, she did express joy at overcoming this challenge: 
 
Interviewer: “Did you feel accomplished when you finally got it here?” 
Jan: “Yeah. Ahha! I think, I don’t know, if by chance when you are watching it later and 
the camera starts going like this all the time, I’m probably doing my happy dance.” 
 
Like Pam, Jan feels triumphant after working through a challenging situation. In their own ways, both 
Pam and Jan were challenged, persevered, and celebrated their achievement.  
By contrast, both Michael and Meredith described being immobilized by challenges. When Michael 
watched himself in the video preparing his distillation and waiting to collect product: 
136 
 
 
“If it had pictures then I could set it up without feeling intimidated at all, but I’m not 
always exactly sure what they’re doing like I said before but now I know. I mean it’s very 
simple when it’s set up. It’s literally, it’s steamed, it’s heated up, it goes down, reads the 
temperature…” 
 
Michael felt intimidated by the expensive glassware, unsure how to assemble the pieces and their 
purpose. After the experiment, he could recite what happened during the distillation, but as he recounted 
the experience during the interview, he remembered thinking “why do we need to put all that in there?” It 
should be noted that Michael did have access to pictures for the distillation setup provided in the course’s 
supplemental text. Curiously, Michael wasn’t aware that the text provided a picture of the glassware 
setup.  
Meredith began her interview talking about her trouble changing the temperature for the different gas 
law experiments: 
 
“And so we’re like trying to get it in and we don’t know how far under should it 
submerge. Um how are we going to change the temperature? And also I think it said 
where to start, it said just to start at 273 K and so we’re like how cold is that? I’m pretty 
sure that’s freezing. Um, I’m, but like we’re like how do we get it to be freezing? Like just 
is just the ice going to measure that or like that was like our problem and like what are 
going to do about the whole temperature thing?” 
 
The procedure instructed the students to start with a cold water bath and increase the temperature of the 
bath by 10K for each measurement, using hot or cold tap water to maintain the temperature. These 
directions seemed to baffle Meredith. She did not know where to start, and once she picked a starting 
point, she could not decide where to go from there. Her inability to make the necessary decisions to 
collect the data created a barrier to her moving forward. This experiment was designed as stations where 
the students completed 2-3 stations during week one and the remaining station(s) during week two. 
Meredith and her partners were unable to complete their first station during week one because they could 
not figure out how to change the water temperature. Meredith described her feelings during this time in 
lab: 
 
“Unsure of what to do. And like setting it up and like well this isn’t happening. I mean 
that’s like the learning process but … we followed our procedures of like what it said to 
do but we were still like that unsure of like well how do you like cause the temperature to 
change? It says to do this but how do we create that? So that was the biggest frustration 
that we like spent 45 minutes doing that one like it probably should not have taken that 
long at all … we could have gotten so much further in the lab which was like just 
annoying.” 
 
Meredith was frustrated and annoyed by trying to follow the procedures, insinuating that because they 
made an effort to follow the procedures so closely, that they should not have had so much trouble. Yet, 
Meredith’s perception of working in the laboratory was to follow the procedures exactly and thus was not 
able to work through how to make decisions on her own about how to carry out this seeming simply 
procedural step.  
Angela also talked about how she felt when she was unsure about what she were doing, but, unlike 
Meredith, she sought a resolution to deal with her feelings: 
 
“Because I just didn’t know what to do. Like I didn’t know where to find the stuff or I 
didn’t know, like, I didn’t know if I was right and I couldn’t ask a TA at the moment or 
something like that so I would just look over and be like ‘well you’re doing stuff, what do 
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I do?’ … I feel terrible. Like I have no idea what’s going on. And I’m just like, I feel 
awkward and I don’t know what I’m doing and stuff like that. I don’t like feeling that 
way.” 
 
Angela noted that comparing her experiences with others gave her comfort:  
 
“Well I am worried about it but I don’t think they pay attention too much because they 
are worried about what they are doing. But then I notice people that are behind, too.” 
 
Angela worries what her peers think of her when she is unsure about what to do next, but then she looks 
around and realizes that her peers are also worried about themselves, not about her. This realization that 
her peers were having similar struggles gave her a peace of mind to continue. Angela was not the only 
one who found comfort in comparing with her peers. Phyllis also talked about her relying on her peers 
when she tries to make sense of things: 
 
“And that is what is confusing to everyone. But yeah. Our table, we do talk a lot because 
we are all in this big square table together so we all discuss things so it’s good. … 
Because everyone has their little input. Some people remember certain things. And it 
helps a lot. Remember other things.” 
 
Phyllis explained that she seeks out other students when she is confused or unsure what to do next. Her 
peers became a source of encouragement and help. While social interaction is indeed beneficial to the 
learning process, it is interesting to note that neither Angela nor Phyllis talked about turning to their lab 
manuals or textbooks when they are in need of guidance. Rather, it appears they looked around for the 
quickest place to find an answer and move on – a mindset that does not lead to making meaningful 
connections for conceptual understanding. 
 
Students’ Learning Descriptions with Their MLLI Scores 
The descriptions above paint a picture of these students’ cognitive and affective learning experiences 
in the undergraduate chemistry laboratory. Some students accurately explained the chemical ideas 
underlying the experiments they performed; others communicated a fragmented understanding of 
chemistry. Every student described emotions of one kind or another while performing their lab 
experiment.  
These descriptions were considered in light of results from the quantitative studies (Galloway and 
Bretz, 2015a; Galloway and Bretz, 2015b; Galloway and Bretz, 2015c; Galloway and Bretz, 2015d). 
Scatterplots were generated to visualize the interviewees’ changes in average MLLI scores from pre- to 
post-test. (Because Dwight and Holly participated only in the MLLI pre-test, they are not included in the 
plots.) Figure 3 compares the students’ affective averages against their cognitive averages with vectors 
drawn from pre- to post-test scores to depict changes in the students’ responses (Galloway and Bretz, 
2015b). A solid line is drawn at y=x as a visual reference for equal affective and cognitive averages.  
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Figure 3. Scatterplot of students’ average affective and cognitive MLLI scores with vectors drawn to 
show changes from pre- to post-test. 
 
All the students’ pre scores are below the y=x line, indicating higher cognitive expectations than 
affective expectations. Only Angela, Jo, Jim, Kevin, and Pam had higher affective averages than 
cognitive at the post-test. Many vectors point to the left, indicating a decrease in cognitive averages, 
meaning that the students had cognitive expectations that were unfulfilled by their experiences. Erin was 
the only student who did not respond with lower cognitive scores as her score appeared to remain the 
same (not that her responses for all of the cognitive items were the same, but overall her cognitive 
average was the same from pre to post). Erin both demonstrated in the video and spoke openly in her 
interview about how she integrated her prior chemistry knowledge into conducting the experiment. She 
spoke of preparing for each experiment until she was confident and organized. She expected challenges 
because she knew she would learn something through them. She used her resources to make decisions in 
the laboratory including her textbook and conversations with her lab partner and TA. While not highest 
responder on either scale, Erin reported high cognitive and affective experiences through her MLLI 
scores, her descriptions during the interview, and her actions in the video that promoted meaningful 
learning. 
As the most common self-identified learning experience was psychomotor in nature, one reason for 
the decrease in cognitive responses could be that students paid more attention to what they were doing 
rather than think about the purpose behind the procedures. The laboratory becomes a place to carry out 
procedures, not a place to learn how chemistry is conducted and the meaning underlying the actions. Jo, 
Jan, Meredith, Angela, and Phyllis demonstrated the largest cognitive decreases. These changes are 
supported by their cognitive descriptions where they talked only about the procedural steps, displayed 
considerable difficulty explaining the chemical concepts, or shrugged off their misunderstandings say 
they would “figure it out later.” Despite the overall unfulfilled cognitive expectations, it should be noted 
that many of these students did have cognitive averages at or above the 50% mark for the post-test, 
meaning that they agreed that the cognitive experiences listed on the MLLI did occur for them to some 
extent, just not to the extent that they first expected.  
Given that multiple studies (Galloway and Bretz, 2015a; Galloway and Bretz, 2015b; Galloway and 
Bretz, 2015c; Galloway and Bretz, 2015d) measured affective responses with a large range, it is not 
surprising that there was more diversity in the changes in affective averages for the interviewees. Some 
students’ experiences exceeded their expectations, some vice versa, and some remained constant. Erin, 
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Jim, Kevin, Jo and Phyllis increased in their affective averages. In their interviews, these students 
reported enjoying “doing” chemistry, interest in specific techniques, and increased confidence when 
overcoming challenges. By contrast, Jan had the largest affective decrease (and the largest affective 
change overall). Jan talked negatively about her experiences in her laboratory course throughout the entire 
interview and became increasingly frustrated during her observed experiment. Despite her interest in 
chemistry as a subject, her fear of failure was evident in the interview and video where her goal was to get 
the required data as fast as possible and leave as soon as possible, making meaningful learning highly 
unlikely. 
Interestingly, Jim’s cognitive average decreased but his affective responses increased. Jim 
acknowledged that he could put forth more effort to consider the purpose of the procedures, and think 
about what was going on at a microscopic level, but that he chose not to. During his video, he can be seen 
standing around idle while the experiment ran, arguing with his TA over deducted points on a previous 
lab report, and trying to locate the formula for theoretical and percent yield (instead of trying to think 
about it on his own). Yet, Jim conducts undergraduate research in a geology lab on campus and reports 
that he enjoys lab work. The misalignment between Jim’s cognitive and affective perceptions of learning 
hinder him from having a meaningful learning experience.  
Conclusions 
The goal of this study was to describe students’ cognitive and affective learning experiences in the 
undergraduate chemistry laboratory. A qualitative research protocol was designed using video and 
interview methods. Students were video recorded with an action camera and a tripod camera conducting 
one of their regular laboratory experiments. Within 48 hours, students were interviewed and asked to 
identify learning experiences and discuss their thoughts and feelings while watching their video. The 
predominant feature of the self-identified learning experiences were the psychomotor aspects – the 
laboratory gives students the opportunity to use their hands to physically carry out experiments. Few 
students discussed learning chemical ideas while in the laboratory, and some declared to not learn 
anything at all. The cognitive processing discussed while watching themselves in the video revealed 
varying degrees of understanding. The interview was often the first time the students had stopped to think 
about the whys and the hows of the experiment they had conducted, as they typically delayed such 
thinking to preparing their report. Though each student completed the experiment within the allotted time, 
only a few students could explain the purpose of the steps they carried out, and their explanations were 
laden with inaccurate chemical ideas. Students discussed diverse affective experiences while conducting 
their experiments. This range of emotions influenced how the students thought and carried out the 
procedures in the laboratory. The students’ MLLI scores were analyzed to explore how the descriptions of 
their experiences compared to changes in their responses from pre- to post-test. 
Implications for Teaching 
Meaningful learning cannot happen without the integration of thinking, feeling, and doing (Novak, 
2010). Thinking and feeling cannot be postponed until after the actions have happened. Whether 
consciously or not, thinking and feeling occur while doing, but if not focused on the carrying out of the 
experiment, arbitrary connections are likely to be made rather than nonarbitrary connections made during 
meaningful learning. Students need to learn the value in thinking about the steps of the procedure, but 
metacognitive practices are not intuitive (Sandi-Urena et al., 2011c). To initiate student thinking, students 
need to be asked “why?” and “how?” and “what do you think this means?” (Taylor-Robertson, 1984; 
Cooper, 2015). There is value in step by step procedures to teach new techniques, but students should not 
be permitted to blindly continue from one step to the next without purposeful checks on their 
understanding. Jan felt accomplished when she correctly set up the round bottom flask, condenser, and 
water tubes for the reflux, but she was concerned to see water dripping from the condenser down into the 
round bottom flask. She did not understand the purpose of the condenser, nor was she asked to explain 
why that liquid might be dripping. Asking students to explain as they go is one step to teach the value of 
thinking about the experiment. 
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Even though students were primarily focused upon the doing of the experiment, they were not devoid 
of emotion during their experiments. From enjoyment to frustration to triumph to boredom, students were 
also not limited to one emotion during their experiments. The presence and diversity of emotions are not 
in and of themselves hindrances to learning. By characterizing the feeling that the students described in 
the interview, the goal was to create awareness of the students’ learning experiences. Students interact 
and deal with their emotions differently. When students get stuck and do not know how to push through, 
or choose to avoid pushing themselves to be challenged, meaningful learning is hindered. Knowing when 
students feel certain emotions and how they respond can help in the design of future laboratory 
curriculum. Instructors need to be aware of the influence of the affective domain on learning. If 
conceptual understanding is a goal for undergraduate chemistry laboratory learning, then the affective 
domain must also be considered in conjunction with the cognitive and psychomotor domain. Traditional 
attempts to incorporate the affective domain into teaching have manifested in making chemistry relevant 
to real life. This research shows that there are many more dimensions to the affective domain that 
chemistry educators ought to consider in their design of laboratory curriculum, pedagogy, and assessment. 
Again, the teaching of metacognitive skills could help students to persevere when they encounter 
confusion, frustration, and mistakes. Teaching students the role of the affective domain and to not be 
afraid of the challenges of learning could increase the opportunities for meaningful learning in the 
laboratory. 
Implications for Research 
This study used video recording methods adapted from Taylor-Robertson (1984) to uniquely capture 
student behavior in the undergraduate chemistry laboratory and initiate conversation during interviews. 
While previous studies have used video recording methods in the chemistry teaching laboratory, the study 
used an action camera to record first-hand experiences from the students’ perspectives in addition the 
typical third-person perspective of the tripod camera. The pilot study utilized only a tripod camera and 
only a fraction of each student’s experience was caught on camera. When each student wore the action 
camera, all the equipment manipulation , conversations with peers and TA, writing in lab notebook, and 
movements around the lab room were recorded, giving a more detailed and accurate picture of their 
experiences. In this study, the video was used specifically during the interviews and to observe the 
student’s cognitive and affective experiences in the laboratory. Because the videos were recorded, 
secondary analysis could be conducted in the future to study additional aspects of these students’ 
experiences. In future studies, action cameras could be used to explore individual student’s experiences in 
other settings such as note taking and attention in large lecture classes, group collaborations, and 
undergraduate research experiences. In addition, different theoretical and methodological frameworks 
could guide the collection of the video recording in new ways such as cognitive apprenticeship, situated 
learning (Lave and Wenger, 1991), social development theory (Vygotsky, 1978), self-determination 
theory (Ryan et al., 2012), symbolic interactionism (Blumer, 1969; Del Carlo, 2007), or Kolb’s 
experiential learning (Towns, 2001) to name a few. While Looxcie, Inc. (2014) has since exited the 
consumer business, other action cameras with diverse features are available from variety of different 
retailers such as GoPro (2015) and Sony (2015). 
How students choose to deal with their feelings could reflect the way that they believe best helps 
them learn. Students like Meredith and Jim who think there is one right answer will only work to achieve 
that one answer and stop when that answer is reached. Angela, Jan, and Phyllis talked as if the learning 
process happened to them rather than through them, waiting for things to take place instead of taking 
charge of their learning experience. Erin and Toby were cognizant of their need to be challenged and 
frustrated in order to work towards conceptual understanding. Additional research is needed to study the 
continuum of affective dimensions at work during laboratory learning. Studies on personal identity (Perez 
et al., 2014) and self-concept (Bandura, 1976) could guide the research and analysis of the affective 
domain. 
Previous research using meaningful learning as an analytical lens categorized biology laboratory 
students into three groups: think meaningfully, think procedurally, and think as little as possible (Taylor-
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Robertson, 1984). Grove and Bretz (2012) classified second-year organic chemistry students into 
meaningful learners, transitional learns, unaware learners, and indifferent learners. The goal of this study 
was not to classify students, but to give a thick description of their cognitive and affective learning 
experiences in their chemistry laboratory courses. There may be connections between the students in this 
study and the classifications previously published. Future research could identify positions intermediate 
between rote and meaningful learning, as well as explore connections between Taylor-Robertson’s (1984) 
and Grove & Bretz’s (2012) categories. Are the students who think procedurally or as little as possible 
transitional, unaware, or indifferent learners? How might using these categories aid in the design of 
targeted interventions for laboratory learning? Understanding differences in how students view the 
learning process would be beneficial to the design of evidence based laboratory curriculum. 
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CHAPTER 5: 
CONCLUSIONS & IMPLICATIONS 
This chapter summarizes and synthesizes the conclusions presented in the previous chapters. 
The purpose of this chapter is to (1) answer the research questions that have guided this study, 
(2) discuss the limitations of the conclusions drawn from this study, (3) discuss the implications 
of the findings, and (4) offer future directions for research following this study. The research 
questions for this study were: 
1. What cognitive and affective experiences do students identify as meaningful to their 
learning in an undergraduate chemistry laboratory course? 
2. In what ways do these experiences change as students learn more chemistry? 
3. What are the implications for promoting meaningful learning and designing instruction in 
the undergraduate chemistry laboratory? 
Cognitive Descriptions 
Along with psychomotor goals for learning, the cognitive domain is an assumed active 
dimension in laboratory learning (Bretz, et al., 2012). Data generated by the MLLI and from the 
qualitative studies reveal that students did not engage in cognitive processing in the way that 
instructors assume in their laboratory courses. Students’ cognitive expectations as measured by 
the MLLI indicated that they did expect to think about the chemistry underlying the experiments 
as they performed them with cognitive averages both pre-tests in the 60-70% range for general 
and organic chemistry students in the full and national sample studies. In addition, the 
scatterplots of affective versus cognitive expectations and cognitive post versus pre plots, the 
majority of the students’ cognitive expectations are to the right of the 50% marker indicating that 
students generally expected to participate in cognitive experiences while carrying out their 
experiments. Further, each cluster of students identified via cluster analysis reported positive 
cognitive expectations, including the Low clusters. Thus, going into their laboratory courses, 
students indicated that they expected to positively engage in the cognitive domain while 
conducting their laboratory experiments. However, the majority of students did not report 
cognitive experiences that fulfilled their expectations. Large significant differences were found 
between students’ cognitive expectations and experiences for both general and organic chemistry 
in both the full and national sample studies. When examining the change from pre to post by 
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cluster, the degree of the difference did vary, but each cluster had statistically significant 
misalignment between cognitive expectations and cognitive experiences. A finer grain analysis 
of the unfulfilled cognitive expectations reveals that the High clusters did experience the 
majority of their cognitive expectations, but not to the degree that they expected, while neither 
the Low nor Change clusters experienced their positive cognitive expectations.  
Analysis of the videos and interviews revealed that few students identified cognitive learning 
experiences. Instead, they were focused on the psychomotor, physical carrying out of procedures. 
While the students completed the experiments, most within the allotted time, many students 
could not explain the purpose of the procedural steps they carried out. They carried out the 
experiment but they did not know how or why each step was necessary or the function it played 
in the procedures. The students placed value on carrying out the procedures correctly believing 
that a properly performed procedure would generate the intended product in high enough yield. 
Rather than developing into process-oriented thinkers, the students demonstrated a product-
oriented mindset focused on the end result and not how to get there.  
Affective Descriptions 
Unlike the general consensus for positive cognitive expectations, students’ affective 
expectations as measured by the MLLI covered the full range of the scale. The means for 
affective expectations were consistently around 50% with a standard deviation double that of the 
other two scales. While all students expected to engage cognitively in the laboratory, they did not 
all expect to have positive feelings towards their work. The multiple scatterplots constructed of 
affective post versus pre and affective versus cognitive for pre and post-test administrations 
demonstrated the diversity in students’ affective experiences measured by the MLLI. These 
scatterplots also revealed an almost equal number of students with fulfilled affective expectations 
as those with unfulfilled affective expectations. This finding was supported by the results from 
the inferential statistics that found only small to trivial differences in pre and post-test averages. 
Where High and Mid clusters largely did not expect negative affective experiences (even though 
Mid and Change did report unexpected negative affective experiences), Low clusters reported 
expecting negative affective experiences and having experienced them. The presence of the 
expectation of a negative experience could predispose these students to forego meaningful 
learning.   
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The diversity in students’ affective experiences was also evident in the qualitative interviews. 
During the first phase of the interview, the students selected words to describe their feelings in 
lab and gave experiences to explain their choices. The students selected positive and negative 
words to describe their experiences and noted that sometimes they felt confident and confused at 
the same time. In the third phase of the interview, the students described their feelings while 
performing selected episodes of their recorded experiment including worry, frustration, triumph, 
excitement, enjoyment, and boredom. The presence and diversity of emotions are not hindrances 
to learning per se. Students interact and deal with their emotions differently. Knowing when 
students feel certain emotions and how they respond can help in the design of future laboratory 
curriculum. No student was exempt from a range of emotions during the learning process, and 
the students’ descriptions of their affective experiences indicated the different ways that they 
responded to their emotions. Some students were able to overcome challenges they faced when 
they were unsure about the procedural steps or when things did not go as anticipated; others were 
not as able to persevere. Often the students who expressed the greatest frustrations during 
challenges were those who were narrowly focused on the outcome of the experiment rather than 
understanding the process. Like the cognitive experiences, students’ beliefs towards laboratory 
learning of being product-oriented, rather than process-oriented, could be a reason for the 
increased inability to choose to work through hardship instead of giving up. 
Comparisons Across General Chemistry and Organic Chemistry Laboratories 
Analysis of cognitive and affective learning experiences across GC and OC laboratory 
students revealed similarities and differences across the courses. In the beginning of the study, it 
was expected that GC students might exhibit a greater change in their ideas about laboratory 
learning and greater diversity in their responses to the MLLI. Often the demographics of GC 
students are more diverse than OC since GC laboratory is a required course for more academic 
majors than OC laboratory and there is usually high attrition from GC to OC. In addition, GC 
students have less prior experience in the chemistry and limited laboratory experiences than OC 
students who typically have one year of chemistry laboratory to build their expectations upon. 
Thus, it was interesting to find many similarities between GC and OC responses on the MLLI. 
Results from mixed-methods ANOVAs for both the local and national cross-sectional studies 
showed that the interaction between Course (between-groups variable) and Time (within-groups 
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variable) was not significant, and the effect size was practically zero. These results indicated that 
the students’ MLLI responses change similarly across GC and OC for the cognitive, affective, 
and cognitive/affective scales. For the local sample, the main effect for Course was significant 
with small effects indicating that GC students consistently responded higher on the MLLI than 
OC students, but the Course main effects were not significant for the national sample. Analysis 
of the longitudinal data also demonstrated similar patterns of MLLI responses from GC through 
OC on the cognitive, affective, and cognitive/affective scales. For the cognitive and 
cognitive/affective scales, students report high expectations for learning that go unmet by both 
semesters of GC and OC laboratory courses. Here, interestingly, students reported high 
expectations for OC cognitive and cognitive/affective scales despite not experiencing them 
during GC. This ‘reset’ was supported by a significant difference between GC post-post and OC 
pre MLLI responses. There were little to no changes across the affective averages for GC 
through OC as a whole, even though the composite scatterplots reveal an almost equal number of 
students increasing as decreasing in their responses. Students’ affective experiences continue to 
fluctuate with each measurement despite a similar pattern of cognitive responses. 
There were few differences between GC and OC students’ MLLI responses. First, analysis of 
GC1 expectations compared to OC1 expectations was not significant using the Bonferroni 
correction for Type I error, but there were medium to large differences. While there are similar 
patterns of responses across the two courses, student may be starting with slightly lower 
expectations for OC than they did for GC. Second, a major finding for GC was the existence of 
four clusters of students in both the local and national cross-sectional studies. The cluster 
analysis for OC in the national sample suggested only three clusters. These three clusters were 
sequential in nature like three of the four GC clusters, but there was an obvious absence in the 
OC solution of the fourth ‘Change’ cluster from GC. Scatterplots showing the characteristics of 
the three OC clusters showed they were localized on the plots with similar expectations as 
experiences. The lack of ‘Change’ cluster in OC could imply that students are able to more 
accurately forecast their laboratory learning experiences than they were for GC. As discussed 
below, future work is still needed to find out what happens to the Change students from GC – 
whether they change their perceptions of learning to align with the imposed course structure, 
change their actions in the laboratory, or if they dropout of chemistry. 
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The qualitative analyses also revealed many similarities in students’ perspectives across GC 
and OC. Students in both courses exhibited varying degrees of understanding when attempting to 
explain the chemistry behind specific steps of the laboratory experiments and discussed a range 
of emotions they felt while performing experiments. No single theme found through the 
qualitative analysis was limited to students from only one course. Rather, instances of each big 
idea could be seen in both GC and OC. Perhaps it could even be said that the findings were more 
prominent in OC than GC. With the exception of Erin, the other four OC students all desire to 
perform the experiment correctly to obtain a perceived intended result rather than seeking to 
understand the chemical ideas underlying the experiment. Whereas chemists view the laboratory 
as a place to work through unknown problems, these students are viewing the laboratory as a 
place to obtain one single answer to a problem. The OC students’ cognitive and affective 
descriptions suggest that perhaps students are not developing into the process-oriented thinkers 
to reap the benefits of laboratory learning suggested in the Chapter 1, but rather they become 
more product-oriented with increased chemistry experience, leading to a narrowly focused view 
of laboratory learning. 
Limitations 
A research study is limited by the methodological choices made in the design, data 
collection, and data analyses of the study. Interpretations and conclusions should be made by 
carefully considering the contexts within which the study took place. Data collection for the 
MLLI development studies, the cluster analysis for the full study, the longitudinal study, and the 
qualitative studies were conducted at a midsize liberal arts institution in the Midwestern United 
States. While the inquiry level of the curriculum was characterized using the rubric developed by 
Fay et al. (2007), an explicit connection was not made between the findings of these students and 
the degrees of freedom given to the students. Rather than extrapolating the results from these 
studies to all pedagogies and all curricula, the laboratory environment for these studies was 
described to give context to allow for transferability of the results. Participation for the national 
sample study was limited to interested laboratory instructors. Again, no claims are being made 
about students’ perceptions of learning in all types of laboratory environments. Instead, the 
national sample study demonstrated the utility of the MLLI to yield informative data about 
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students in different laboratory settings as compared to the institution where the MLLI was 
developed. 
Students were emailed the link to the MLLI assessment, and while some instructors did offer 
nominal extra credit points for participating, students were not required to participate. Students 
had the opportunity to complete the survey at their convenience which could have been 
midafternoon or after midnight. The choice to administer the MLLI online with the slider bar 
allowed for students to actively interact with the survey and to give their honest perspective. 
Attrition does constrain interpretation of the data because students chose whether to participate 
and complete the MLLI. Perhaps only the students with extreme experiences (positive or 
negative) chose to take the survey. Nonetheless, in this study, visual examination of the data 
shows that students who completed the MLLI had a range of experiences. The results indicate 
that the MLLI is able to discriminate between different student experiences, but conclusions 
cannot be drawn  about those who did not participate either at both pre and post for the full and 
national sample studies or all six times for the longitudinal study. 
Methodological choices for the statistical analysis shaped the output. Cluster analysis is an 
inherently exploratory technique. The analysis is executed based upon the methodological 
decisions made by the researchers regarding the objects to cluster, the clustering variables, and 
the clustering algorithm (including the distance and linkage method). The specific combination 
of clustering variables also led to each particular solution, and different solutions would be 
expected when different clustering variables are used. The intention of cluster analysis is not to 
identify the one and only perfect solution, but rather to identify naturally occurring groups of 
students based on certain variables for which meaningful interpretations can be proposed and 
supported. A different perspective was used to analyze the output from the exploratory factor 
analysis than the traditional analysis for survey development. The choice to explore the factors as 
potential mental frameworks for students’ perceptions of learning, rather than to identify an 
internal factor structure for the MLLI, influenced the interpretation of the statistical output (Bretz 
and McClary, 2015). Items were intentionally retained for the MLLI that a strict interpretation of 
EFA output would have suggested be deleted. 
For the qualitative studies, specific criteria (cognitive and affective expectations) were used 
for purposeful sampling of student participants. The selection of students based upon different 
criteria could have led to characterization of different student perspectives. Students in this study 
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were observed and interviewed once during a semester of laboratory instruction, and each 
student participated at a different time point in the semester. Some students participated at the 
beginning of the semester after conducting only two experiments prior to the interview while 
others were observed on their final experiment of the semester. Those who participated towards 
the end of the semester could have grown or changed perspectives from students at the beginning 
of the semester.  
The methodological choices for the video recording and interview protocol also guided the 
data that was collected. The video episodes shown to the students during the interview were 
limited by the camera angle and sound quality. If the video captured by the Looxcie camera was 
cut short, without sound, or at an awkward angle due to inadequate placement on the student’s 
ear, then the video from the tripod camera was used for the for the interview discussion. The 
interview was designed to elicit student identified cognitive and affective learning experiences. 
In this way, only episodes that were meaningful in some way to the student were watched in the 
interview which may have resulted in the exclusion of other video clips that were interesting 
from the researcher and instructor perspective. As the goal was to explore what the students felt 
was important to gain new insight into their perspectives on learning, this methodological choice 
enhanced the study rather than limited it. 
Implications for Teaching and Instruction 
Learning is not a purely cognitive task but rather involves the integration of thinking, feeling, 
and acting (Novak, 2010). When designing curricula for the laboratory, chemists tend to focus 
predominately on what the students will do, with little attention to how students will engage 
affectively and mentally process their actions (Bretz et al., 2013; Sevian and Fulmer, 2012). 
Findings from the quantitative and qualitative studies revealed the range of emotions students 
feel while conducting experiments in the undergraduate chemistry laboratory and the influence 
that these diverse emotions have on the students’ learning. The extent to which the affective 
domain is attended to in laboratory curricula design lies only in attention to group 
work/collaboration and in making connections to the real world (Bretz et al., 2013). In order to 
facilitate meaningful learning, these cannot be the only affective characteristics attended to. 
From enjoyment to frustration to triumph to boredom, students are not contained to one single 
emotion during the learning process. The learning process comes to a halt when students get 
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stuck and do not know how to push through or choose to stay in their comfortable, bored state 
without pushing themselves to be challenged. Teaching of metacognitive skills could help 
students to be able to recognize when they feel confused, frustrated, or unsure as signs that 
learning is occurring and how to persevere through those feelings. Perhaps when students are 
aware of the role of the affective domain, they can learn to not be afraid of the challenges of 
learning could increase the opportunities for meaningful learning in the laboratory. Thus, perhaps 
when instructors are aware of the role of the affective domain in learning, then they will develop 
new ways to interact with students to use the affective in an advantageous way to support 
learning, rather than ignoring it. 
While laboratory instructors often voice their goals for laboratory learning to focus upon 
mastery of technique, the data presented here emphasize the importance of students 
understanding the mechanism, purpose, and applicability of the techniques and thereby lead to 
more integrated, meaningful learning experiences. Students expressed expectations to participate 
cognitively while performing their laboratory experiments, but these expectations were largely 
unfulfilled. Furthermore, when asked to identify a learning moment during their video recorded 
experiment, only three students identified a cognitive learning moment while others selected 
psychomotor experiences or even denied learning at all. Students are entering the laboratory with 
the goal to carry out the procedure correctly to get some intended result. If the instructor views 
the purpose of the lab as to carry out procedures correctly, then no problem. But if the instructor 
wants students to be able to understand the steps of the procedure, apply the skills to new 
situations, and devise different ways of solving a problem, then students must have a different 
view of laboratory learning. One way could be to teach students about how the brain learns and 
metacognitive practices to become aware of their learning. There need to be built in 
opportunities for students to craft explanations to answer why and how procedural steps are 
taken and the impact they have on the experiment as a whole. Results from the longitudinal study 
showed that students did change their expectations for learning from one course to other. This 
finding indicates that the students’ experiences do have an effect on how they think about 
learning. Therefore, curricula or pedagogical changes could have an impact on students’ 
cognitive, affective, and psychomotor experiences. 
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Implications for Chemistry Education Research 
This study explicitly operationalized a theory of learning to develop a tool to measure 
meaningful learning in the undergraduate chemistry laboratory as well as to analyze the data 
from generated by the tool and from qualitative interviews. Research decisions were made by 
referring back to literature on meaningful learning and human constructivism; data were 
analyzed by considering how Novak’s theory of meaningful learning could help explain the 
results. In this way, interpretations were able to be made about how students are learning 
chemistry that can directly transfer to evidence-based decisions for laboratory curriculum design. 
Thoughtful analysis of these findings generates a thought provoking question – what is it about 
these students’ experiences in laboratory that creates a disconnect between what they think they 
“do” in the laboratory and how they “think” and “feel” about their results? Additional research 
studies are needed to explore the role of the affective domain in learning chemistry, particularly 
in the laboratory setting. Only when research is conducted under such explicit use of learning 
theory can specific connections by made to directly impact teaching, learning, and assessment. 
The development of the MLLI can serve as a model for assessment development using learning 
theory and lead to the development of future assessments regarding learning in the undergraduate 
chemistry laboratory using other learning theories. 
The methods of analysis used in this study point to the value of multiple representations for 
data visualization. Too often, literature presents findings in only a table without a visualization of 
the data. The type of data being presented points to the ways in which that data can be displayed. 
Distributions of variables can be displayed via histograms or boxplots. Histograms can only 
display one variable at a time, but boxplots can display multiple variables, and scatterplots can 
compare responses on two variables. In this study, data from the multiple administrations of the 
MLLI were displayed in a variety of ways. At a single time point, distributions of each MLLI 
item and composite scores were displayed in histograms. Boxplots and scatterplots were used to 
compare the distributions of items and scale averages at a single time point as well as compare 
distributions at two (or more time points for boxplots). The combinations of these visualizations 
give more information about the data than one plot alone. More subtle interpretations were 
possible from the data visualizations because of interest in understanding the range of responses 
rather than just focusing upon single points by comparing means and standard deviation. 
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A variety of statistical techniques were used in this study in order to move analysis towards 
answering the research questions. Assumptions for inferential tests were examined prior to 
conducting the test to be able to make conclusions from the results. Appropriate caution was 
exercised when assumptions were not able to be met which sometimes meant interpreting the 
results in context when normality, random sampling, or homogeneity of variances were not met 
or calculating an additional statistic (such as epsilon for a repeated-measures ANOVA). The 
methodological choices and statistical outputs for exploratory factor analysis and cluster analysis 
were considered for the purpose of this study. The EFA results were analyzed looking for 
students’ mental framework and patterns in their responses on the MLLI (Bretz and McClary, 
2015). Whereas results from EFA are used to identify items that factor together and eliminate 
items that do not factor or factor on many scales, this analysis was interested in the ambiguous 
items as they yielded insight into how students answered the MLLI and thus how they perceived 
their learning in the laboratory. For the cluster analysis, only varying combinations of scales 
averages were used as clustering variables. The statistics software will run the calculations to 
group students based on the variables that are selected; thus, the analysis could have been 
conducted with any number of MLLI items or averages. To produce a meaningful result, the 
number of clustering variables compared to the number of clustering objects needs to be 
considered, so only composite scores were used. Further, only composite scores calculated by the 
meaningful learning coded items were used in order that the results could be interpreted using 
the learning theory. Also, the decision was made to not standardize the clustering variables. 
Standardizing the variables arbitrarily gives each variable equal weight and removes any value 
given to the items by the respondents. As this was an exploratory study, any non-arbitrary weight 
given to certain items (or groups of items as classified by their scales) was of interest. The 
methods and analysis of the statistical procedures used in this study demonstrated appropriate 
use of the procedures with interpretation within the context of the goals, research questions, and 
theoretical framework of the study. 
This study uniquely used video recording to capture student actions in the undergraduate 
chemistry laboratory. While some previous studies on collaboration and group work as well as 
student learning in the laboratory used video recording for data collection, the methods were not 
elaborated upon nor were the video recordings used explicitly in this interview and analysis as 
this study. Taylor-Robertson (1984) video recorded students in the undergraduate biology 
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laboratory and did use the video in the interviews with students to elicit their thoughts and 
feelings on their experience. Technology has since improved allowing for multiple video 
recording devices in this study including a camera on a tripod and an action camera worn by the 
participating student. The action camera recorded the student’s experience from a first-hard 
perspective from the manipulation of equipment to conversations with peers, TA, and instructor 
to writing in the lab notebook to walking around the lab room. The video recordings were used in 
this study specifically to elicit student’s cognitive and affective experiences in the laboratory. 
Since the videos are recorded, secondary analysis can be conducted in the future to study 
additional aspects of these students’ experiences. Future studies in CER can use action cameras 
to explore individual student’s experiences in other settings such as note taking and attention in 
large lecture classes, group collaborations, and undergraduate research experiences. 
Considerations for Future Research 
As generative, exploratory research, this study raised more questions than it answered. These 
new questions point the direction for future research on student learning in the undergraduate 
chemistry laboratory. The development of assessment tools involves gathering evidence for the 
validity and reliability of the data that the instrument can gather. While evidence was gathered in 
a variety of ways for the validity and reliability of the data generated by the MLLI, there are still 
areas of study that can continue investigating the functionality of the MLLI. Future studies could 
collect students’ course grades to examine the alignment between grade received in chemistry 
and their MLLI responses. Does a student’s cluster membership correlate with their course 
grade? Additionally, criterion validity was not examined in this study because there were no 
similar measures known to generate valid and reliable data. However, now that the MLLI exists, 
it could be used as an outcome measure in the development of other assessments to examine 
criterion validity. At the start of the study, the decision was made to exclude research-based 
laboratory curricula from the courses of interest. Future research could use the MLLI to 
investigate meaningful learning in those types of courses. Other studies could be developed to 
intentionally compare different types of laboratory curricula (traditional with known result, 
different levels of inquiry, Science Writing Heuristic, Problem Based Learning, and research-
based) or environments including the primary instructor interacting with the student 
(undergraduate teaching assistant, graduate teaching assistant, or professor). 
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Longitudinal studies would provide data as to how students’ learning perspectives change 
over time. The students in the qualitative studies were interviewed at discrete time points 
throughout the semester. Future studies could follow students with video recording, interviews, 
and written reflections through a semester, yearlong course, or entire chemistry sequence to learn 
how their cognitive and affective expectations and experiences change as they learn more 
chemistry. Other studies could investigate how the students form their expectations for 
laboratory learning and follow the students in the Low and Change clusters. Are students in those 
clusters more likely to drop, withdraw, or fail the course? Could the MLLI be used to identify at-
risk students at the beginning of the course to intervene early?  Additional evidence is needed in 
order to provide all students opportunities for meaningful learning in the undergraduate 
chemistry laboratory.  
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APPENDIX A: COGNATE PROJECT 
 
Reprinted with permission from Galloway, K. R.; Bretz, S. L; Novak, M. (2015). Paper 
chromatography and UV-vis spectroscopy to characterize anthocyanins and investigate 
antioxidant properties in the organic teaching laboratory. Journal of Chemical Education. 92(1), 
183-188. Copyright 2015 American Chemical Society. 
http://pubs.acs.org/doi/abs/10.1021/ed400520n 
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APPENDIX C: CONSENT FORMS 
C.1 Survey Consent Form 
The purpose of this research study is to better understand students’ ideas about the 
undergraduate chemistry laboratory. Before agreeing to participate in this research, please be 
sure to thoroughly read this consent form. If you have any questions or concerns, please 
contact Dr. Stacey Lowery Bretz, at bretzsl@miamioh.edu. If you have any questions about your 
rights as human subjects please contact the Office for the Advancement of Research and 
Scholarship (513-529-3600) or humansubjects@miamioh.edu. 
  
I agree to participate in this research study. Though my professor may know whether I 
participate, s/he will not be able to match my name to the responses I have given. The 
information I provide may be used for additional research or publications; however, since my 
name is not used, my identity is protected. For analysis and long-term storage of the data, my 
email address, if collected, will be removed from the data and replaced with a random code.  A 
list linking the code to my identity will be maintained in a secure location separate from the 
data.  I have had the opportunity to ask any questions I might have about my participation in this 
study and they have been answered to my satisfaction.   
  
By completing and returning the survey questionnaire, I certify that I have read the consent 
form, agree to participate in this study, and confirm that I am at least 18 years old.  
 
  
218 
 
C.2 Video Consent Form 
I understand that I am being asked to participate in a research study by being video 
recorded while I perform my regular laboratory experiment. The information gathered 
from the video recording will be used as part of a larger project that is attempting to 
understand student perspectives of the undergraduate chemistry laboratory. 
 
I understand that all personally identifiable information will be kept strictly 
confidential and will not appear in any reports generated using the information gathered 
from the video recording. I understand that participation in this study is completely 
voluntary. I do not have to answer any questions I can stop the video recording at any time 
and withdraw from the study. Withdrawing from or participating in the study will in no 
way affect my course grade. My course professor will know I am participating by virtue of 
seeing the video camera in the laboratory room. However, my professor will not see the 
video tape. 
 
I understand that participation in this study will require me to wear a lapel microphone 
while I conduct my laboratory experiment. I understand that the purpose of the audio and 
video recordings is to assure that what I say and do is represented accurately in the 
research process. A pseudonym will be assigned to any information gathered from the 
audio and video recording of my laboratory experiment so that my identity is protected.  I 
understand that the audio and video recordings will only be accessed by the researchers 
and will not be shown in public. I understand that the audio and video recordings will be 
kept by the researchers and destroyed no later than 2023. 
 
I have had the opportunity to ask any questions I might have and they have been 
answered to my satisfaction. By signing below, I agree to participate in the interview.  
 
If you have any further questions or concerns, please feel free to contact: Kelli Galloway, 
Department of Chemistry and Biochemistry, 363 Hughes Hall, Miami University, Oxford, 
Ohio 45056 or email at rushkm@MiamiOH.edu or my research advisor, Dr. Stacey Lowery 
Bretz, at bretzsl@MiamiOH.edu. If you have questions about your rights as human subjects 
contact the Office for the Advancement of Research and Scholarship (513‐529‐3600) or 
humansubjects@MiamiOH.edu.   
 
 
_____________________________________   _________________  
Research Participant    Date  
 
 
_____________________________________   _________________  
Researcher     Date  
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C.3 Interview Consent Form 
I understand that I am being asked to participate in an interview that will last 
approximately 45 minutes. I understand that I will be shown a segment of my video 
recording and asked to comment on my thoughts and feelings while performing the 
experiment as well as asked general questions about my ideas on the undergraduate 
chemistry laboratory. The information gathered from this interview will be used as part of 
a larger project to investigate student perspectives about learning in the undergraduate 
chemistry laboratory. 
 
I understand that all personally identifiable information will be kept strictly 
confidential and will not appear in any reports generated using the information gathered 
from the interview. I understand that participation in this study is completely voluntary. I 
do not have to answer any questions I do not want to and can stop the interview at any 
time and withdraw from the study. Withdrawing from or participating in the study will in 
no way affect my course grade. My course professor will not know if I participate in the 
interview or if I do not participate. My course professor will also not know what I say 
during the interview. 
 
I understand that participation in this study will require about 45 minutes of my time. I 
understand that at the end of the project, I may be asked to review the findings from my 
interview. Finally, I give my permission for the interview to be audio recorded.  I 
understand that the purpose of the recordings and documentation is to assure that what I 
say and do is represented accurately in the research process. A pseudonym will be assigned 
to any information gathered from this interview so that my identity is protected.  I 
understand that the quotes from my remarks along with any work I generate could be 
shown at conferences and/or reprinted in articles detailing the results of the study. I 
understand that the audio recordings along with any work I generate will be kept by the 
researchers and destroyed no later than 2023. 
 
I have had the opportunity to ask any questions I might have and they have been 
answered to my satisfaction. By signing below, I agree to participate in the interview.  
 
If you have any further questions or concerns, please feel free to contact: Kelli Galloway, 
Department of Chemistry and Biochemistry, 363 Hughes Hall, Miami University, Oxford, 
Ohio 45056 or email at rushkm@MiamiOH.edu or my research advisor, Dr. Stacey Lowery 
Bretz, at bretzsl@MiamiOH.edu. If you have questions about your rights as human subjects 
contact the Office for the Advancement of Research and Scholarship (513‐529‐3600) or 
humansubjects@MiamiOH.edu.   
 
_____________________________________  _________________  
Research Participant    Date  
 
_____________________________________  _________________  
Researcher     Date  
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APPENDIX D: THE MEANINGFUL LEARNING IN THE LABORATORY 
INSTRUMENT (MLLI) 
D.1 Pilot Version of the MLLI – Pre-Test Expectations 
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APPENDIX E: NATIONAL SAMPLE STUDY MATERIALS 
E.1 Invitation to Participate in Chemistry Survey Data Collection 
Dear Chemistry Education community, 
  
I am writing to invite you to participate in a research project to learn more about your 
students’ perceptions of learning in the undergraduate chemistry laboratory. 
  
Through funding from the National Science Foundation, Dr. Stacey Lowery Bretz and I have 
developed an assessment designed to measure students' cognitive and affective 
expectations and experiences regarding their learning in their chemistry laboratory course. 
We call this assessment the Meaningful Learning in the Laboratory Inventory (MLILI). 
  
I am writing to invite you to use the MLILI in your classroom during the fall 2014 semester. 
We wish to collect data from general chemistry and organic chemistry laboratory courses. 
If you are not the person in charge of laboratory instruction, please pass this message along 
to them. 
  
The MLILI is designed to be given twice during the semester. First, it is given at the 
beginning of the semester prior to laboratory instruction to measure student expectations. 
Then, it is given again at the close to the end of laboratory instruction to measure student 
experiences.  Administration is online through Qualtrics survey software and takes 5-10 
minutes to complete. Students can access the survey URL through email or through a 
course management system such as Blackboard. 
  
In return, we will provide you with data analysis regarding your students’ responses on 
each question so that you may understand the perspectives that students bring to the 
laboratory and the perspectives they have at the end of their laboratory course. Student 
responses on the report will be anonymous, but students will be asked to provide their 
email address in order to match their responses from the pre to the post test. Students will 
be asked to grant permission for their responses to be used in our research study. This 
research has been reviewed and approved by the Miami University Institutional Review 
Board under exemption certificate #E00349. Should you need assistance with local IRB 
review, we would be happy to assist you. 
  
Statements on the MLILI ask students to describe what they think and feel in their 
chemistry laboratory course and to indicate their percent agreement using a slider bar 
from 0% to 100%.  
  
If you are interested in administering the MLILI, please reply to this email at your earliest 
convenience with the following information about you and your students:  
 What laboratory course(s) do you teach?  
 How many students will take the inventory? 
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 By what date do you need to receive the inventory? (prior to students' laboratory 
experiences in the semester) 
 How many years have you been teaching chemistry? 
 Do you consider your university to be an R1, comprehensive, liberal arts, or community 
college? 
 Is your college public or private? 
  
  
Thank you very much for using the MLILI in your classroom. Please do not hesitate to call 
(513-529-3731) or e-mail Stacey (bretzsl@miamioh.edu) or myself 
(rushkm@miamioh.edu) with any questions you may have.  
  
We look forward to hearing from you. 
 
Sincerely, 
Kelli Galloway 
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E.2 Instructions to Lab Instructors – Pre-Test 
Hello,  
  
Thank you again for participating in MLILI data collection. This email contains (1) 
information you will send to administer the MLILI to your students, (2) an overview of the 
report you will receive, and (3) requests for additional information about you and your 
chemistry laboratory course. 
  
(1)Below is the survey link and sample message to send to your students. This link is 
specific to your school and asks about the specific chemistry laboratory course numbers at 
your school. Send out the link with the message during the first week that the lab course 
meets. Make an announcement during lab about the survey, and encourage students to take 
it. Once you have sent out the link, please notify me, and I will keep it open for 2 weeks for 
students to complete. I will probably ask you to send a reminder email after 1 week.  
  
Around the beginning of November, I will send you the link for the post-test. That link 
should be sent out at the time of the final experiment of the semester. 
  
Hello, 
  
As part of the chemistry laboratory check-in procedures, click the link below to express 
your expectations about your chemistry laboratory experience.  
  
The questionnaire is part of a research project, and will take approximately 10 minutes of 
your time. Participation is voluntary, but participation has no effect on your course grade. 
Participating gives you an opportunity to speak about your ideas about your chemistry 
laboratory course. 
  
LINK HERE. 
  
Thank you in advance for the help you are giving to us to make the research project a 
success. Your participation is very important to the project. 
  
Thank you, 
INSTRUCTOR NAME 
  
  
(2) In January, I will send you a report of the aggregate results from your school. The report 
will contain histograms of the total scores and for the sub-scales as well as scatter plots for 
pre vs. post comparison. Also, the report will display the results both as the entire sample 
from your school and broken out by course. I will include information about how to read 
and interpret the report.  
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(3)For this national sample data collection, we aim to explore how the MLILI measures 
students’ experiences across a diverse chemistry laboratory curricula. In order to learn 
more about how the undergraduate chemistry laboratory is conducted at your university, 
we would like to ask if you would complete the survey below about your perspectives for 
the laboratory. We ask that any instructor who works with the lab take the survey. 
  
Survey link for faculty: https://miamioh.qualtrics.com/SE/?SID=SV_d5SjMpePS7OLPYp 
  
Also, we would like you to send us a copy of your laboratory experiments along with any 
syllabi, student and instructor guide, and any other information you wish to include to give 
us an idea of how lab is run at your university.  
  
Please complete the survey and send the experiment information by September 5. 
  
Again, thank you for participating in the MLILI data collection this fall. Let me know if you 
have any questions. 
  
Sincerely, 
Kelli Galloway 
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E.3 Instructions to Course Instructors – Post-Test 
 Hello,  
  
Thank you again for your participation in MLILI data collection this fall. It is time to start 
preparing for sending out the end of the semester post-test survey link.  
  
The timeline that I would like to propose for sending out the survey link is for the email to 
go out Monday, November 10 (or the week of if you administer the survey during lab time) 
and close Monday, November 24. In this way, students are still given two weeks to 
complete the survey and the post-test is completed prior to Thanksgiving and the end of 
the semester rush toward final exams. Please let me know if this timeline does NOT work 
for your schedule. 
  
Here is the message to send with the post-test link: 
  
 Hello, 
  
At the beginning of this semester, you were asked to take a survey about your expectations 
about your chemistry laboratory experience. Now, please click the link below to take a 
survey about your chemistry laboratory experiences. 
  
LINK HERE. 
  
The questionnaire is part of a research project, and will take approximately 10 minutes of 
your time. Participation is voluntary, but participation has no effect on your course grade. 
Participating gives you an opportunity to speak about your ideas about your chemistry 
laboratory course. 
  
Thank you in advance for the help you are giving to us to make the research project a 
success. Your participation is very important to the project. 
  
Thank you, 
INSTRUCTOR NAME 
   
Finally, if you are teaching a first semester course and are interested in continuing data 
collection into the spring for the second semester of your course, please let me know. We 
would be interested in setting up a post-post data collection with you at the end of the 
spring semester. 
  
Thank you again. Please don't hesitate to contact me if you have any questions or concerns. 
  
Sincerely, 
Kelli Galloway 
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E.4 Sample Data Report Sent to Lab Instructor 
SCHOOL NAME Results on the MLLI 
Course: COURSE NAME & NUMBER 
Kelli Galloway & Stacey Lowery Bretz 
DATE ANALYZED 
Analyzed using SPSS 21 & Excel 2013 
 
 Data cleaning 
o Pre 
 244 total responses 
 20 removed for missing data 
 23 removed for incorrect indicator item response 
 201 students in total 
o Post 
 93 total responses 
 15 removed for missing data 
 3 removed for incorrect indicator item response 
 2 removed for duplicate responses 
 75 students in total 
o 62 students have matched responses for pre and post 
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Histograms 
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Descriptive Statistics 
 Cognitive Affective Cogn/Aff 
 Pre Post Pre Post Pre Post 
N 62 62 62 62 62 62 
Mean 73.50 64.68 60.17 64.75 61.82 56.41 
Stdev 11.54 14.51 18.72 18.58 16.95 17.70 
Min 41.50 25.69 24.00 19.38 33.33 5.00 
Q1 66.28 54.15 46.84 52.75 48.25 46.66 
Median 74.50 66.50 57.25 64.69 60.00 55.33 
Q3 82.16 77.30 69.88 79.59 76.67 69.33 
Max 91.56 86.25 100.00 100.00 99.00 95.00 
 
 Cognitive Affective Cogn/Aff 
 Pre Post Pre Post Pre Post 
Cronbach  0.794 0.780 0.798 0.800 0.676 0.651 
 
 Cognitive Affective Cogn/Aff 
 Pre Post Pre Post Pre Post 
Skewness -0.57 -0.383 -0.395 -0.396 0.463 -0.28 
Kurtosis -0.31 -0.499 -0.461 -0.371 -0.579 0.318 
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Scatterplots 
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Normality Statistics 
 Kolmogorov-Smirnov Shapiro-Wilk 
 Statistics df p value Statistics df p value 
Cog - Pre 0.123 62 0.020 0.957 62 0.028 
Cog - Post 0.074 62 0.200 0.965 62 0.078 
Aff - Pre 0.083 62 0.200 0.967 62 0.960 
Aff - Post 0.071 62 0.200 0.978 62 0.331 
Cogn/Aff - Pre 0.110 62 0.061 0.958 62 0.034 
Cogn/Aff - Post 0.067 62 0.200 0.989 62 0.856 
 
Inferential Statistics 
Dependent t tests were performed to compare students’ responses on each of the three 
scales. 
Scale t N df p value 2 size 
Cognitive 5.420 62 61 ≤0.0001 0.325 large 
Affective -2.070 62 61 0.043 0.066 medium 
Cogn/Aff 2.250 62 61 0.028 0.077 medium 
There is a significant decrease for cognitive with a large effect size. There is a significant 
increase for affective with a medium effect size. There is a significant decrease for 
cognitive/affective with a medium effective size. 
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Item Analysis 
 
Q1 Frequency Percent 
Increase 8 12.9 
Decrease 45 72.6 
No change 9 14.5 
Total 62 100.0 
 
Q2 Frequency Percent 
Increase 18 29.0 
Decrease 39 62.9 
No change 5 8.1 
Total 62 100.0 
 
Q3 Frequency Percent 
Increase 19 30.6 
Decrease 33 53.2 
No change 10 16.1 
Total 62 100.0 
 
Q4 Frequency Percent 
Increase 29 46.8 
Decrease 28 45.2 
No change 5 8.1 
Total 62 100.0 
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Q5 Frequency Percent 
Increase 18 29.0 
Decrease 40 64.5 
No change 4 6.5 
Total 62 100.0 
 
Q6 Frequency Percent 
Increase 20 32.3 
Decrease 32 51.6 
No change 10 16.1 
Total 62 100.0 
 
Q7 Frequency Percent 
Increase 12 19.4 
Decrease 44 71.0 
No change 6 9.7 
Total 62 100.0 
 
Q8 Frequency Percent 
Increase 19 30.6 
Decrease 36 58.1 
No change 7 11.3 
Total 62 100.0 
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Q9 Frequency Percent 
Increase 27 43.5 
Decrease 29 46.8 
No change 6 9.7 
Total 62 100.0 
 
Q10 Frequency Percent 
Increase 17 27.4 
Decrease 35 56.5 
No change 10 16.1 
Total 62 100.0 
 
Q11 Frequency Percent 
Increase 8 12.9 
Decrease 50 80.6 
No change 4 6.5 
Total 62 100.0 
 
Q12 Frequency Percent 
Increase 28 45.2 
Decrease 24 38.7 
No change 10 16.1 
Total 62 100.0 
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Q13 Frequency Percent 
Increase 13 21.0 
Decrease 39 62.9 
No change 10 16.1 
Total 62 100.0 
 
Q14 Frequency Percent 
Increase 24 38.7 
Decrease 33 53.2 
No change 5 8.1 
Total 62 100.0 
 
Q15 Frequency Percent 
Increase 41 66.1 
Decrease 17 27.4 
No change 4 6.4 
Total 62 100.0 
 
Q16 Frequency Percent 
Increase 25 40.3 
Decrease 34 54.8 
No change 3 4.8 
Total 62 100.0 
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Q17 Frequency Percent 
Increase 13 21.0 
Decrease 44 71.0 
No change 5 8.1 
Total 62 100.0 
 
Q18 Frequency Percent 
Increase 12 19.4 
Decrease 43 69.4 
No change 7 11.3 
Total 62 100.0 
 
Q19 Frequency Percent 
Increase 19 30.6 
Decrease 33 53.2 
No change 10 16.1 
Total 62 100.0 
 
Q20 Frequency Percent 
Increase 12 19.4 
Decrease 44 71.0 
No change 6 9.7 
Total 62 100.0 
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Q21 Frequency Percent 
Increase 19 30.6 
Decrease 40 64.5 
No change 3 4.8 
Total 62 100.0 
 
Q22 Frequency Percent 
Increase 11 17.7 
Decrease 44 71.0 
No change 7 11.3 
Total 62 100.0 
 
Q24 Frequency Percent 
Increase 29 46.8 
Decrease 28 45.2 
No change 5 8.1 
Total 62 100.0 
 
Q25 Frequency Percent 
Increase 12 19.4 
Decrease 41 66.1 
No change 9 14.5 
Total 62 100.0 
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Q26 Frequency Percent 
Increase 11 17.7 
Decrease 37 59.7 
No change 14 22.6 
Total 62 100.0 
 
Q27 Frequency Percent 
Increase 13 21.0 
Decrease 41 66.1 
No change 8 12.9 
Total 62 100.0 
 
Q28 Frequency Percent 
Increase 12 19.4 
Decrease 44 71.0 
No change 6 9.7 
Total 62 100.0 
 
Q29 Frequency Percent 
Increase 21 33.9 
Decrease 38 61.3 
No change 3 4.8 
Total 62 100.0 
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Q30 Frequency Percent 
Increase 31 50.0 
Decrease 26 41.9 
No change 5 8.1 
Total 62 100.0 
 
Q31 Frequency Percent 
Increase 12 19.4 
Decrease 40 64.5 
No change 10 16.1 
Total 62 100.0 
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APPENDIX F: SEMI-STRUCTURED INTERVIEW GUIDE 
F.1 Pilot Study Interview Guide 
Phase 1: 
Today, I am going to ask you about your thoughts about the undergraduate chemistry laboratory. 
Take as much as you need to answer each question.  
1. What do you hope to gain anything from taking this course?  
a. How do you plan on doing so? 
b. If nothing or not sure, then why enroll in the course? 
2. In your opinion, what you do think the purpose is of a chemistry lab course like this one? 
a. What do you believe to be the purpose of the general chemistry laboratory 
course? 
b. Please explain why. 
3. What do you think you will learn in this course? 
a. What factors do you think will contribute to or hinder your learning? 
4. What kind of things do you do outside of the laboratory related to this course?  
a. When do you do these things?  
b. For how long?  
c. How often? 
5. What is your goal for the chemistry laboratory course? 
a. How do you plan on achieving your goal(s)? 
6. What do you think your professor wants you do gain or learn from the course? 
a. How do you know? 
b. What about how the course operates or is set-up tells you this? 
7. How do you like the lab activities? 
a. If you were to rank chemistry lab from 1 to 5 as to your degree of enjoyment (1 
the least and 5 the most), what number would you give? 
b. What factors contribute to your enjoyment or non-enjoyment? 
8. How do you think the lab content fits with the content you learn in lecture? 
a. Do you think this contributes or hinders your learning in the laboratory? 
9. How often to you feel encouraged to question, to think, or probe into the concepts from 
the laboratory experiments? 
a. Can you give specifics examples? 
 
Phase 2: 
Ok, now I am going to show you a segment of your video recording. I would like you to think 
about what you were doing here and why you were doing it. I am interested in finding out what 
you were thinking and how you were feeling while you were doing the lab activities. Please 
include everything you can remember, even if it seems insignificant. You can give a running 
commentary as you watch the video. Also, I’ll stop every few minutes to fill in what you may 
 259 
 
have recalled of what you were thinking about and what feelings you may have been 
experiencing. 
 Can you explain to me the purpose of your actions here? 
 What were you thoughts while performing this experiment? 
 What were your feelings while performing this experiment? 
 Do you feel like you gained anything from this experiment? 
o If so, please explain what? 
 Can you explain what concepts the experiment was covering?  
o Have you covered these concepts in lecture yet? 
o How well do you think performing the experiment helped you understand the 
concepts?  
o What other activities, exercises, etc. did you feel like you had to use to try to 
understand the concepts? 
 
Note taking fillers & probing questions: 
 I’m going to take notes throughout. 
 Give me a second. That was really interesting. 
 Please tell me more about that. 
 What do you mean by that? 
 Could you give me an example? 
 I didn’t understand that. 
 I hadn’t thought of that perspective. 
 Could you go back to…? 
 Could you run that by me again? I’m afraid I still don’t understand. 
 What happened that made you think that? 
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F.2 Full Study Interview Guide 
Phase 1: 
Here is a list of words a student might choose from to describe their laboratory experience.   
1. Which of these describe how you feel in lab in general? 
a. Draw a circle around those. 
b. Do any of those occur regularly?  
i. Can you give examples? 
ii. How do they affect what you do in the laboratory? 
iii. How do they affect how you learn in the laboratory? 
c. Have any of them only happened once or twice?  
i. Can you explain the time when you felt that way? 
ii. Why do you think they don’t happen more often? 
iii. How was your work affected for that day? 
iv. How was your learning affected? 
2. Which did you feel today (or this week) in lab? 
a. Mark a * by those.  
b. What specifically was going on during that time? 
3. Which of these would NOT describe how you feel in lab? 
a. Put an ‘X’ or cross out those. 
b. Why do you think they don’t happen?  
c. Are there any you think should happen but don’t? 
 
Affective words: 
Intimidated 
Motivated 
Nervous 
Confident 
Confused 
Anxious 
Creative 
Worry 
Excited 
Interested 
Lost 
Comfortable 
Afraid 
Bored 
Challenged 
Organized 
Frustrated 
Inspired 
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Affective Word List Task Sheet 
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Phase 2: 
At the beginning of the semester, you took a questionnaire that asked for your expectations 
about you chemistry laboratory course. Now, I would like to ask your thoughts about a few of 
the statements from that questionnaire. 
The questionnaire asked about your agreement with the following statements: 
When performing experiments in my chemistry laboratory course, I expect … 
1. to learn chemistry that will be useful in my life. 
2. to worry about finishing on time. 
3. to make decisions about what data to collect. 
4. to feel unsure about the purpose of the procedures. 
5. to experience moments of insight. 
6. to be confused about how the instruments work. 
7. to learn critical thinking skills. 
8. to be excited to do chemistry. 
9. to be nervous about making mistakes. 
10. to consider if my data makes sense.  
11. to think about what the molecules are doing. 
12. to feel disorganized. 
13. to develop confidence in the laboratory. 
14. to worry about getting good data. 
15. the procedures to be simple to do. 
16. to be confused about the underlying concepts. 
17. to "get stuck" but keep trying. 
18. to be nervous when handling chemicals. 
19. to think about chemistry I already know. 
20. to worry about the quality of my data. 
21. to be frustrated. 
22. to interpret my data beyond only doing calculations. 
23. for this question. 
24. to focus on procedures, not concepts. 
25. to use my observations to understand the behavior of atoms and molecules 
26. to make mistakes and try again. 
27. to be intrigued by the instruments. 
28. to feel intimidated. 
29. to be confused about what my data mean. 
30. to be confident when using equipment. 
31. to learn problem solving skills. 
 
 Can you give me an example of when this happened? 
 How to do agree with this statement? 
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 When has this happened in your chemistry lab? 
 Which of these occurred in lab today? 
 
Phase 3: 
Ok, now let’s watch a few episodes from your video.  
Because it would take too long to watch the whole thing, I’d like your help choosing which parts 
to watch.  
o When were you learning in a meaningful way during this experiment? 
o Was there a time during this experiment where you had an “aha” moment?  
o Was there a time when you were confused, felt lost, or got stuck? 
o Was there a time during this experiment when you were just going through the 
motions?  
o Was there a time when you understood the majority of what you were doing and 
why you were doing it? 
Ok, let’s find that segment/those segments in the tape. 
I would like you to think about what you are doing and why you are doing it. I am interested in 
finding out what you were thinking and how you were feeling while you were doing the lab 
activities. Please include everything you can remember, even if it seems insignificant. You can 
give a running commentary as you watch the video if you would like. I’ll stop every few minutes 
to fill in what you may have recalled of what you were thinking about and what feelings you may 
have been experiencing. 
o Can you explain to me the purpose of your actions here? 
 What were you thoughts while performing this experiment? 
 What were your feelings while performing this experiment? 
 Can you explain a particular technique you have learned in the lab? 
 Can you explain the intention/reason/purpose for the use of certain techniques for your 
laboratory experiments? 
 Can you explain what concepts the experiment was covering?  
o Have you covered these concepts in lecture yet? 
o How well do you think performing the experiment helped you understand the 
concepts?  
o What other activities, exercises, etc. did you feel like you had to use to try to 
understand the concepts? 
 Do you feel like you gained anything from this experiment? 
o If so, please explain what? 
Closing Remarks 
 Is there anything you want to tell me about your experience in the chemistry laboratory 
that you thought I was going to ask? 
 Thank you for your time. I greatly appreciate it. 
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APPENDIX G: QUALITATIVE STUDY RECRUITMENT MATERIALS 
G.1 Pilot Study Information Email to Instructors - Sample 
Dear Course Instructor: 
 
As you may know, I am pursuing a Ph.D. in Chemistry Education Research at Miami 
University. I wanted to provide you with a formal letter that specifically describes my 
intent for this project and the methods I will use to conduct my research. I’d like to request 
permission from you to video record students in their laboratory course while performing 
laboratory experiments. The purpose of recording the students is to capture their 
behaviors while they perform their experiments. This semester, I would like to pilot the 
video protocol which entails working out the mechanics of the video recording process. 
These mechanics include determining the placement of the video camera in the laboratory 
room, what kind of microphone gives the clearest recording, the best placement of the 
microphone, and how long to record during the laboratory course. 
 
With your permission, I would like to video record a total of five students (1 student 
approximately every three weeks) through the course of the semester to work out these 
mechanics. Following the interview at a mutually convenient time, I will interview the 
student about their laboratory behaviors and perspectives of the laboratory. 
 
Additionally, with your permission, I would like to recruit students from one section of 
your laboratory course to participate in my study. Your permission would be greatly 
appreciated, since recording students in the laboratory and interviewing students is 
essential for the completion of this project. I would like to be granted 5 minutes at the 
beginning or ending of the first day of lecture of the spring semester so I may briefly 
explain the project to your students and request their participation. 
 
The interviews will be conducted in an interview space that is designated for chemical 
education research in 363 Hughes Hall. Students will be given the option to withdraw from 
the study whenever they choose. 
 
My research will be approved by the Miami University IRB (Institutional Review Board) 
pending your support. Thank you for your time and your support of my research. Please 
feel free to contact me, my research advisor, Dr. Stacey Lowery Bretz, or the Miami 
University Office for the Advancement of Research and Scholarship (OARS) if you have any 
questions regarding this research. 
 
Sincerely, 
Kelli Galloway 
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G.2 Pilot Study Student Questionnaire 
A Research Study on Student Perspectives of the Undergraduate Chemistry Laboratory 
Student Volunteer Form 
The purpose of this research study is to better understand students’ ideas about learning in the 
undergraduate chemistry laboratory. Volunteers will be video recorded during one of your 
regularly scheduled chemistry laboratory classes. An interview will follow the video recording as a 
mutually convenient time and will last approximately 45 minutes. Your responses during the 
interview will be audio recorded. You participation in this research is strictly voluntary and will not 
affect your grade in your course in any way. Your responses to the questions in the interview will 
be confidential. You professor will know who volunteers to participate by virtue of seeing the video 
camera in the lab. However, your professor will not see the video tape or know what you say during 
the interview. 
 
It may not be possible for all volunteers to participate in the research project, in which case a 
sample will be chosen. Once I have completed video recording and interviewing our sample, we will 
destroy demographic information for those people who were not interviewed. For those people 
that are interviewed, we will associate your interview with these demographic characteristics but 
we will not represent the collected information in any way that you will be identified to anyone 
besides me and my research advisor, Dr. Stacey Lowery Bretz. We will be the only researchers to 
have access to this information. If you are selected to be interview more specific information will be 
provided about your rights as a participant through a consent form. By signing below, you indicate 
that you are at least 18 years old. 
 
If you do not wish to participate in this research project, please leave this form blank. 
 
If you are willing to participate in this research project, please complete the information below. 
 
 
Name: _____________________________________________________________  
 
E-mail address: ___________________________________________________ 
 
What is your major? ______________________________________________ 
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G.3 Full Study Information Email to Instructors – Sample 
Hello COURSE INSTRUCTOR, 
  
I wanted to check in with you about data collection in CHM 144 this fall.  As you recall, I am 
studying meaningful learning in the undergraduate chemistry laboratory.  I have designed 
an assessment to measure student's expectations and experiences in regards to meaningful 
learning. I have written the inventory electronically using Qualtrics and which means that 
there are at least two options to send the survey to the students. We can send the link in an 
email or d the link can be embedded into the pre-lab quiz software. Stacey and I would like 
the inventory to be included as part of the pre-lab assignment for students for their first 
and last laboratory experiments.  
  
Also, we would like to do the video observation during the fall semester this year.  Contrary 
to last spring, we would like to observe multiple students from different lab sections. We 
are working out a plan for recruiting volunteers.  
  
Please let us know what works for you and the organization of the laboratory experiments. 
If you could send us a copy of the CHM 144 syllabus, we would appreciate it.  
  
We are grateful for your support and working with us for data collection. We would be 
happy to meet with you to talk about this and any questions you may have. Is there a good 
time next week when I could come by to meet with you? 
  
Sincerely, 
Kelli Galloway 
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G.4 Full Study Volunteer Recruitment 
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G.5 Information Email to Full Study Student Volunteers 
Dear Student, 
 
My name is Kelli Galloway, and I am pursuing a Ph.D. degree in Chemistry Education at 
Miami University. My research involves investigating student ideas about learning in the 
undergraduate chemistry laboratory. You recently volunteered to participate in my 
research study. I am contacting you to schedule the date for video recording you during 
your regularly scheduled chemistry laboratory course and to schedule the interview 
following the class. I would like to schedule the interview within 24 hours after your lab 
class because I will be showing you a segment of your video and want you to be able to 
recall your thoughts and feelings while performing your experiment. 
 
Please respond with which regularly scheduled experiment you would like to be recorded 
and a time for the interview. 
 
Your participation is much appreciated and makes all the difference in advancing my 
research. 
 
 
Sincerely, 
 
Kelli Galloway 
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APPENDIX H: STANDARD OPERATING PROCEDURES FOR VIDEO 
OBSERVATION 
 Get student drawer numbers from Lijie (GC lab manager) and Bryan (OC lab manager) of 
students who volunteer 
  
 Make sure video camera, Looxcie, voice recorder, and lapel mic have full batteries 
 Put clear tape on "ON" switch on lapel mic 
  
 Ask student to meet you 5-10 minutes before class 
 Go over consent form - have them sign one and them keep the other 
 Teach how to use Looxcie (especially on/off switch if going to the bathroom); listen 
for sound of turning on and off 
 Connect video camera to tripod - make sure tight and sturdy 
  
 Observe from outside the lab room 
 Take detailed notes about what the student is doing including time stamps 
 Confirm time for interview before leaving 
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APPENDIX I: SAMPLE STUDENT TRANSCRIPT 
Holly interview 50:31 
Interviewer Ok the first thing, so I also want to say that I will be asking about your laboratory experiences, so 
feel free to be as open as you would like and as descriptive as you can.  
Holly Ok. 
Interviewer Um, so the first thing I am going to do is that I am going to give you a list of words that a 
laboratory student might use to describe their experiences. We are going to use this special 
Livescribe pen that will record with what you say at the same time. I don’t know if you have used 
one before. 
Holly No, that’s pretty nifty. 
Interviewer So when I press right here, it makes a little noise, so now it is recording. So what I am going to 
ask is if you, if there are any words on this paper that describe your laboratory experience in 
general, could you draw a circle around those? 
Holly All of them that apply? 
Interviewer Yep, any that apply.  
Holly (drawing on paper) 
Interviewer Now, if you could explain to me why you chose those? 
Holly Ok. Um I took AP chemistry my sophomore year of high school. My teacher didn’t know what he 
was doing and we did like three labs and made ice cream at the end of the year. And 3 people out 
of 35 passed the exam. Um, I was not one of them - 
Interviewer Passed the AP exam? 
Holly Yeah. It was just not good at all. So I just did not have a good background in chemistry before 
that. That didn’t help. And I was just always really worried in class. It was my only B in high 
school, so um I want to go to medical school and chemistry is very important for that obviously. 
It’s part of your science GPA, so um I’m very anxious about not having that background. Um, but 
I am always very, I try very, very, very hard to make up for that. I don’t, I know that I am 
intimidated but I face that. Um, but I’m also more prone to worry about it and get anxious about 
it than I am like a biology lab like this lab report just stressed me out for a week and a half. So 
um, I just kind of have to work a little bit harder to make myself calm down and do what I am 
supposed to.  
Interviewer Ok um, how do you know what you are supposed to do?  
Holly Um, we do the prelabs and that is really helpful um actually for me just because I have to read it 
and then I have to write it down in a way that I can understand not just read the jargon that they 
give you, so.  
Interviewer Um, so tell me again where your intimidation comes from. 
Holly Um, I don’t have a good background in chemistry and I want to do well in it but I’m worried 
about doing well basically.  
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Interviewer Ok that makes sense. Um, do you get intimidated by the instructors, by the um course work, or 
the experiments themselves, or just in general? 
Holly Um, kind of the course work. Just mostly because I haven’t done it before. So I am worried about 
messing up. The TAs, one of the kind of intimidates me, my personal TA doesn’t. I like her. She’s 
fine. Um, but it’s just kind of making sure, like I feel like I ask too many questions, but I don’t 
want to ask no questions.  
Interviewer Yeah, yeah. And if it’s been two years since you have chemistry, that’s a long time. 
Holly 5 since biology.  
Interviewer Really? Wow. Now if there are any words on here that describe your laboratory experience um 
from Thursday, so that specific experiment, if you could put a star by those. 
Holly Ok. (drawing on paper)  
Interviewer And they can overlap if you want.  
Holly Ok. 
Interviewer Ok if you can explain to me why you chose those. 
Holly Um, this was actually one of the 3 labs that we did in AP chemistry and I vaguely remembered it, 
so I was like “oh ok I got this.” And it’s not that hard to fill up wells and place little things in them 
and write down what’s happening. Like that’s not very difficult. It’s more like when I get to 
measurements and stuff I’m very particular and I’m OCD anyway, so it actually didn’t bother me 
too much but I was still, like it’s interesting to see what happens, um I still want to do well but 
like I’m still nervous about messing up if I put too much in one or not enough in something else. 
So, starting over again would just suck.  
Interviewer Right. Especially when so many people were done so quickly.  
Holly Oh I take my time.  
Interviewer Um, do you take your time so that it goes well or? 
Holly I would rather take my time and get results that I can use than have to redo it because I rushed 
something or overlooked something.  Like this kid next to me in not this week’s lab but the one 
we did before that, it’s a huge long process with copper and you have to be very careful you can’t 
lose any of it and like he went all the way through it and I was like a third of the way done with 
mine and he spilled on the last step and he had to completely redo it. But he did it twice in the 
time that it took me to do it once. But he still had to do it twice so I was like “sucks to be you.” 
Sucks, but. 
Interviewer Now if there are any words that don’t describe your experience at all, if you could cross those 
out or put a line through them.  
Holly Ok. (drawing)  
Interviewer Ok. Um are these things you think should happen in lab? And they just don’t? 
Holly No, I don’t think that you should ever be afraid of a class. I’m nervous about them but you know 
part of wanting to go to med school is you know you are going to face adversity and have to deal 
with that. And then I’m not very often bored in classes here that’s why I am excited about college 
versus high school because I’m not just in there ready to tear my brain out. So … 
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Interviewer You were ready to tear your brain out in high school? 
Holly Yeah.  
Interviewer You were that bored? 
Holly I took AP bio freshman year, AP chem sophomore year, I took 9 AP classes and like never had to 
try to get an A, so it was just kind of ridiculous. Yeah, so I’d rather be challenged and worry 
about it than just sitting there on my butt. So … 
Interviewer Interesting. Are there any of these that you didn’t mark that you think should happen in lab or 
that you think you should experience but just don’t? 
Holly Um I wish I was a little more confident, I’m sure some people are. Um, I’m slowly getting there, it 
just takes time to figure out like what you are using, what it is called, how to do it. Um, I’m not 
necessary sure that creative applies to labs. 
Interviewer Ok and why is that? 
Holly I mean you have certain boundaries and you kind of have to stay within them or else your 
products are not going to be what you want them to be and like I mean if you have a beaker and 
it’s the wrong size, I guess that is creative if you have to work around that but it’s, you still have a 
little means and ways to do certain things.  
Interviewer What about inspired? Would that fit in the same category? Do you think you could be inspired in 
lab?  
Holly Um, I kind of left that one alone just because like in my regular chemistry class I really like my 
professor and like she’s making me like chemistry a little bit more. Just because I understand it. 
I’m not as afraid of it anymore. Um, so that’s a little inspiring I guess but in chemistry lab it’s just, 
it’s kind of cool to see what it happening but I wouldn’t say that that’s like “aw dude I want to do 
that for the rest of my life.” Like, eh, not so much.  
Interviewer Ok. Got it. Good. Ok. Um, if you want the pen and press the little stop button. There you go.  
Holly I’d like to have one of these. 
Interviewer The past few times I’ve been on that side when I’ve been in other rooms and I’ve been like “I 
don’t want to reach over you and touch that” and now you get to experience the coolness of the 
pen.  
Holly My dad has like dialogue pens which is when I listen to. (?) 
Interviewer Is that similar? 
Holly Yeah, it’s kind of like a dictation.  
Interviewer Very cool. So um, now we are going to talk about, sorry. These are, on these notecards are the 
experiences that you were asked about on the survey that you I asked you to take at the 
beginning of the semester.  
Holly I can help. 
Interviewer Ok sure. Um, I’m just going to ask you what you think about a few of them. Now that we are on 
this table, apparently, I just have so many props. You know. Ok. Um, do you remember taking the 
survey? Do you remember anything standing out to you? If not, that’s not a big deal. 
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Holly Vaguely. Not really.  
Interviewer Ok. No trouble there. What I would like, I am just going to draw your attention to a few and then 
we can go from there. So let’s see, sometimes I just like to go with what’s in front of us. Let’s start 
here.  
Holly Ok. 
Interviewer To make decisions about what data to collect.  What does that mean to you? 
Holly Um, you kind of have, like not everything that you do is important. You have to look at what you 
are doing and decide what applies, what’s applicable.  
Interviewer Ok, does that happen to you in lab?  
Holly Um, sometimes I think more of what we measure out, we use.  
Interviewer What does that mean? 
Holly It’s like when you take your know so many moles of something you pretty much use all of it in 
your reaction but at the same time you have to take the numbers you get and learn how apply 
them, like what do you do with that. So that’s kind of selective as well. 
Interviewer Ok. Um let’s go to the one above it. So to focus on procedures, not concepts. What does that 
mean?  
Holly Um, I think it’s something you don’t want to do because if you just do what’s written in the 
manual and then you get back to your room and you’re writing the lab report and I mean you 
can do the methods because you know what you did but when you get to the results and 
explaining the why and how its applicable um in real or to what you or like why you did what 
you did um you’re not going to understand why. You’re not going to draw those connections.  
Interviewer Um, does that happen for you in lab? How often do you think you get to focus on the concepts?  
Holly I think I’m sometimes more worried about just getting it done and then afterwards I have to look 
back and be like “ok I get it now.” Um, it depends on the lab.  
Interviewer Ok. What about this one [the experiment] that we just did?  
Holly Um, I think that one was easy for me to understand what I was doing because I’ve done it before 
and also it’s just it’s a simple lab. Um, and at the same time though I haven’t done the math 
behind it yet. I haven’t done the redox reactions, I haven’t calculated the activity series but when 
I go back and look at what I wrote down it will be easy to be like “ok this is why that happen.” 
Interviewer Ok. Um, let’s see. What about this one here, to consider if my data makes sense? What does that 
mean? 
Holly Um, if you get a huge number and it doesn’t, it has to make context, like if you get milliliters and 
you get 10000 mL obviously you would never measure that out in the lab. That would be 
ridiculous. So you just kind of have to look at it in context of what you’re doing.  
Interviewer Ok. Um does that happen for you in lab?  
Holly Um, not really. Sometimes when I am doing my calculations for my lab reports, if I plug in a 
number wrong and get like a huge number or a really small one I kind of look at it and make sure 
that the other ones are similar. 
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Interviewer Um, what about while you are in the laboratory when you are doing your experiments? Would 
you ever think about if you data makes sense while you are collecting them? 
Holly Um, yeah I want to make sure that you are, not just collecting what’s in, what’s written down for 
you to collect but why  you are doing it and how it connects. 
Interviewer Um, do you have a special example if that’s been able to happen this semester? 
Holly Um, kind of like when we did the well plates for this last lab um you don’t want to put too much 
copper or too much tin in to one little well because it make too much of a reaction, you wouldn’t 
be able to tell what really happened. So you kind of measure out what you are doing.  
Interviewer What about that one? To think about chemistry I already know.  
Holly Um, it’s nice like this lab we just had a test basically on what it’s over. So that’s a little bit nice 
because when I am reading through the prelab I’m like “ok I already know how to do this.” 
Which is more confidence boosting.  
Interviewer So that does happen? 
Holly Mmhmm. Not very often but sometimes.  
Interviewer Um, does that [the explanation of that item] mean like thinking about the concepts you’ve 
learned in lecture then? 
Holly Kind of yeah. 
Interviewer Ok let’s see. What does this one mean? To interpret my data beyond only doing calculations? 
Holly Um like for this lab report we did like you have to calculate the mean of your molarity and do 
like the standard deviation of it and then you needed to analyze what that meant. And so 
standard deviations, since I took statistics, it’s just how much it varies from the mean. And the 
smaller it is, the more accurate your data. So you kind of had to say “ok well my mean is 10 to the 
-5 of a number so it’s very, very small which means my data was pretty precise, pretty accurate.” 
So you kind of have to analyze what it means. 
Interviewer Ok. Um, what about this one here? To feel unsure about the purpose of the procedures?  
Holly Um, it kind of goes back to when you’re doing the prelabs, if you’re reading through and you 
don’t, and if you’re just writing it down you don’t really understand why are you doing 
something. Like why am I cleaning a beret [burette]? Why am I turning it upside down after lab? 
Just kind of have to, sometimes they need to explain it, sometimes you just have to see it happen 
you go “oh ok.”  
Interviewer Um, sorry. I had a question and then I forgot. So does this happen for you? Are you ever unsure 
about what it going and you have to stop for a minute and think about it? 
Holly Mmhmm. Like I mentioned with the berets [buretts], we turned them upside down. Like when 
we came in, they were upside down and I was like “this isn’t making any sense to me at all.” And 
then they were showing us oh it’s so that it drains out between labs. And I’m like “oh ok that 
makes sense. Like you can’t do it the way that it is.” Just kind of stuff like that. I am very visual 
learner, like why are you doing that, please tell me.  
Interviewer Ok got it good. Um let’s see. I have a few particular that I want to - 
Holly There’s a lot of them. 
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Interviewer Yeah. Worry about the quality of my data, what does that mean? 
Holly Um, I worry a lot about my significant figures because we get points taken off for them. Um and 
then just kind of going back to the how realistic in context is that and they are looking at a 
thousand different people’s lab reports so how does my data compare to that, is it in the middle, 
does it makes sense, or is it just completely off the rail because I mean I don’t know I’m the only 
one doing it so … 
Interviewer So this means compared to what the rest of the students are doing? 
Holly Mmhmm. 
Interviewer Um what about um and you also said in context. Does that mean in context of the rest of the 
students or in context of the particular experiment you are doing, are you getting data that um 
makes sense with the procedure that you are doing?  
Holly Uh kind of both. Like I think one of the first labs we did um in the other section we had to put, it 
was something that everybody had to write their information on the board and um a couple of 
people in other section wrote down numbers that the TA just thought didn’t make any sense so 
they had completely redo it so in context it didn’t make sense with everybody else’s numbers. So 
I kind of worry about that with data.  
Interviewer Ok. Do you know why the TA didn’t think they made sense?  
Holly Um they were either a lot bigger or a lot smaller or they were just outside of a range that I guess 
that they had in mind or that they were instructed to follow. So … 
Interviewer Um, let’s see. What about do you see to feel disorganized? Oh it’s right here. The lone one over 
here. 
Holly Right in front of your face. 
Interviewer Um, what it mean to feel disorganized in lab?  
Holly Um just kind of not having everything together. If you don’t do your prelab, if you don’t read and 
have somewhat of an understanding of what’s going on, um for me that kind of just be just doing 
the procedures because they are written down and not understanding like you’re disorganized 
thoughts as well. So and then also if you didn’t know how to set up your experiment.  
Interviewer Ok so this maybe has to do with preparedness?  
Holly Mmhmm. 
Interviewer Would that be good? 
Holly Mmhmm. 
Interviewer Ok. Um, what about this one in front of you, worrying about time, finishing on time? 
Holly Um, I don’t worry about that one too much just because it’s a three hour time block um but like 
when we did titrations the modern titration took forever and we were there the entire three 
hour period. So like I was, the last hour I was kind of watching the clock but um I don’t know. For 
most of it, it’s not going to be an issue.  
Interviewer The modern, was that the one with the pH probe? 
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Holly Mmhmm. Yes. It takes really long because you have to do it dropwise and you have to watch it 
and it takes, you have to do it three times. So… 
Interviewer (mumbling) I don’t think I’ve asked this one yet. So to learn chemistry that will be useful in my 
life, do you see that one? Ok, what does that mean?  
Holly Um, well I know in high school we used to you know complain a lot we’re never going to use this, 
I’m never going to use this and it is kind of, I try to think about it because like chemistry does 
scared and I’m like “how well do I need to know this for medical school, like am I going screw up 
some poor ladies saline solution or something?” So um, I wonder a lot about how it’s going to 
apply but for now for gen chem it’s just setting up basic concepts that I am going to need for 
further years of chemistry. 
Interviewer Are there things you learn that are relevant to your everyday life?  
Holly Um…not really. I don’t think so. Like I know not to put mentos in coke. But … 
Interviewer Do you think you should be learning things that you are relevant to your life?  
Holly Um, I think for people that are taking this and don’t need it for a future career, I think that that 
would probably make it easier to be connected to and excited about and beyond you grade. Um, 
it’s, that’s something that is similar to high school, if you are just doing something for the grade 
and it doesn’t have any real life applications, it’s harder to make yourself be excited about it or 
be like ok I need this, I need to do well. So … 
Interviewer So for you it’s like something to do in order move towards med school?  
Holly Mmhmm. 
Interviewer So then it hinders like seeing it outside of that context I guess? 
Holly Kind of yeah.  
Interviewer Um let’s see if there are any other ones we want to talk about. What about learning problem 
solving skills? What does that mean? 
Holly Um, because I’m not very familiar with chemistry I kind of have to look at it and say “ok if I do 
screw this up or if I do use too much, like how can I fix that?” Unfortunately a lot of the time the 
TAs just say “start over.” Like if you really screw something up there’s not much that you can do 
about it because they just want your results to be within that spectrum. So that’s kind of 
frustrating which to me learning problem solving skills means learning pre-problem solving 
skills so that doesn’t happen.  
Interviewer To how to avoid problems? 
Holly Yeah.  
Interviewer Ok so that kind of relates to make mistakes and try again. Um, yeah. So what happens if you 
make a mistake in the last half an hour?  
Holly You’re screwed.  
Interviewer You don’t get to try again? 
Holly No.  
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Interviewer Ok, it depends on if you have enough time to? 
Holly Mmhmm. I think they said especially for like the titrations some people had to start over because 
they didn’t like they did too much or they especially for the pH when you the traditional like they 
a bright pink solution and you can’t use that so they had to do it an additional. Um, but if they 
happened to you in the last hour they were just like “sorry.” 
Interviewer You only have two trials instead of three. 
Holly You can drop this lab, like that’s your consolation.  
Interviewer Oh really? 
Holly Yeah so um because you get to drop like I think it’s three of your lowest lab report grades. So 
that’s fun. 
Interviewer Well how does that make you feel knowing if I can’t make a mistake because I can’t start over, if I 
make a mistake even though I’ve been here this whole time, I have to drop my lab grade? 
Holly Yeah it’s a little frustrating but at the same time they’ll drop is anyways so it’s kind of nice to 
have that security blanket but at the same time like I would rather get credit for all the points 
that I did like the whole time I was there. All the time I spent on it. So it’s just kind of frustrating 
to be like if I screw up it doesn’t mean anything, literally. 
Interviewer Are there any that I didn’t point out that strike you or are interesting or you’re like that never 
happens or something similar like that? 
Holly Never happens. Mm, I think this one is interesting. To use my observations to understand the 
behavior of atoms and molecules. Um I know in my professor’s class the other day we were 
talking about like molecules, atomic movement and she did what she called the theater and 
everybody got up and like moved around to show how things happen. And that was really 
helpful for me because I’m not like, I did theater for a while like I just like interacting and it’s 
easier for me to see something and it’s hard to visualize what atoms and molecules are doing 
because you can’t see them. Um, so that’s kind of hard for me to understand in lab. Like “oh good 
that’s reacting” but then I have to think about what’s actually happening in the redox reaction. 
What does the activity series mean? Um so that’s kind of interesting. 
Interviewer Are you able to do that in lab?  
Holly Um, yeah. Like something like doing what, the last experiment that we did with the well when a 
precipitate forms now that we’ve had that test on it I’m like “ok this is what happened.” And I 
kind of think to myself this is what the atomic picture especially because my professor loves 
atomic pictures. 
Interviewer Yeah. 
Holly But I think that’s actually been helpful for me.  
Interviewer Why do you think it’s helpful? 
Holly Um, once again just kind of visualizing what’s happening because it’s easy to just say “oh a 
precipitate formed” but like why? Why does that happen? I’m very involved in the why does it 
happen, how does it happen, what does it look like? So I can wrap my head around it.  
Interviewer Ok. Um, awesome. Before I put these away I do want to ask, so if you remember when you took 
the survey it was a little bit different than surveys in the past instead of having um like strongly 
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agree to strongly disagree, you had that slider bar scale for you indicate um a percentage of your 
agreement. Um, I kind of just wanted to ask if you had a preference over the slider bar versus 
the, I guess a more traditional way of indicating agreement. 
Holly  Um I think I kind of like the slider bar just because Miami surveys especially like you know you 
have like 5 dots and it’s like well I’m not this one, and I’m not this one, but I’m not necessarily 
the one in the middle either. So it’s kind of frustrating because I’m like whatever just pick one 
but I like bar because you can be like “hm that looks right” and go with him.  
Interviewer Ok. 
Holly A little more grey which is a little more realistic of life. 
Interviewer Ok did you think it was difficult to pick a number? 
Holly Uh sometimes I’ll just kind of do general area but sometimes it was just kind of fun to be like 
“why not?” 
Interviewer Ok what did you think 50% meant? 
Holly Um, I don’t know. I guess it kind of depends on the question. Um, so kind of like an either or, uh 
I’m apathetic towards this, just kind of something like that.  
Interviewer Ok awesome.  
Holly It kind of falls I guess like a neither agree or disagree button.  
Interviewer Ok. Like a neutral? 
Holly Kind of. 
Interviewer Ok we can scoot these up. Sometimes I think I could have put them on half cards instead of full 
but oh well. Ok so the next thing we are going to do is we are actually going to watch parts of 
your video. Um, and yours is interesting that all the rest because it’s only half a lab time.  
Holly (mumble) 
Interviewer Yeah. There was an organic girl on Monday and they ended up stating 20 minutes over, so that 
was rough for her. 
Holly Geez yeah. 
Interviewer Ok so of course we still don’t have time to watch the whole hour and a half so I’m going your 
assistance in picking which parts we watch. So the first maybe situation I guess um, was there a 
time in this experiment where you felt like you were learning in a meaningful way? 
Holly Um, I guess it was kind of different because I’m done it before but it was just like, it actually took 
me, I was like halfway through the lab and I was like “you know we did this, this is really 
familiar, I think I actually this before.” Um but I don’t know, I kind of like things like that because 
I’m doing instead of just reading like this is the activity series. Like I kind of like that 
investigative chemistry. Like, do this, and figure out what it is based on your experiment.  
Interviewer So kind of like you get to discover what’s going on? 
Holly Right.  
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Interviewer That’s pretty cool. Um, was there a time when you were confused or like got stuck about 
something in this one?  
Holly Uh not really. There were a couple times like it was kind of vague because they’re like “oh some 
of them can take up to 20 minutes to full react.” And I’m “ok does that mean and a precipitate 
starts forming is it going to take 20 minutes for all of it to precipitate out, do I have to watch the 
whole thing? Or if I put it in, is it going to take 20 minutes to do something?” What does that 
mean? 
Interviewer Did that happen for you? 
Holly Um, yeah. Because like, there were none reactive ones I put them in and be like “alright well I 
will wait a few more minutes to see if anything happens.” For some of them, they did. But for a 
lot of them they just say there. So I was like “oh ok well I’m just going to dump this.”  
Interviewer Um let’s see, was there a time when you had an ‘aha’ moment like “oh now I understand this?” 
Holly Um, I kind of have those more when I am doing my calculations. Um especially because like I 
haven’t done them yet but that’s kind of like the basis of what actually happened is figuring out 
the activity series which we haven’t done yet but it’s just kind of cool to watch the different 
experiments up, I don’t know it is kind of cool when you’re watching hydrochloric acid and you 
put magnesium in it and it goes “fffsss.” So that was kind of like “oh cool!” Except for you want to 
keep your face away from it.  
Interviewer Maybe we’ll pull that up. 
Holly Be like “oh cool” (makes face?). I had to ask my lab partner if I smelled because I got sick these 
weekend and I have asthma so it just takes longer for me to get over things and I was like “does 
that smell weird to you?” He was like “YES.” Alright I can write that down.  
Interviewer Oh that’s interesting, you can also tell by the smell.  Ok um, ok well let’s just um pull up some 
clips. And while we watch um sometimes I’ll maybe like turn the sound down and we can talk 
about what you are doing then. Other times maybe I’ll pause it um, but um maybe I’ll ask you to 
give a commentary um think about what you’re doing, why you’re doing it, what you’re feeling 
during that time. If things feel insignificant, you can share them anyways.  
Holly Sorry about the (something and then makes a fss noise). 
Interviewer Oh it’s great. And I’ll try to scoot forward to when you are doing some reactions. So here you are 
collecting your materials? 
Holly Mmhmm. 
Interviewer Here, let’s scoot forward some more. Ok so did you set up all the volumes first and then you put 
in the metals? 
Holly Um we were given molar solutions but what I did first was I, they told us to put a paper plate 
under our well so I labeled it so I wouldn’t forget because its, I had a table in my notes but I 
didn’t want to like switch it around or just so it was right in front of me. Also there were some, 
you don’t put magnesium obviously in magnesium sulfate because it’s not going to do anything. 
So I put like an X under those wells because they are see-through so I can see it. Um so I didn’t do 
anything with those. 
Interviewer Oh that’s really smart.  
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Holly Um, because well I filled all of them and then I realized that I don’t actually need to feel like four 
of these so I went back and like did that. So that’s just kind of a visual thing for me. And then it 
was also kind of hard because you had to fill it a fourth of the way which is very subjective and 
then um this sizes they are like corrugated so you couldn’t really tell so I just kind of hard to be 
like that’s good enough. But I think this is the silver nitrate. Look how tilted it is. 
Interviewer Yeah I don’t know why it does that sometimes. I’ve learned to expect the unexpected with the 
equipment. Here, we’ll scoot forward a little more.  
Holly That’s me probably be frustrated at myself. 
Interviewer What happened? 
Holly Um this sheet, there’s a yellow sheet under the blue sheet. We write on the blue sheet. And it 
bleeds through and they keep the yellow sheets as a record of what you did. But you have to put 
the divider between every set and if you have two pages for a lab and you like write on the first 
one and then flip over you’re like darn! Because it will go through the second yellow sheet too. 
So I was mad because I made these big X’s that didn’t need to be there. And I was like, so that’s 
why I did this, so I made the lines thicker so that when I gave her that, she could see that that 
was the actual page. But it’s just frustrating because I do that a lot. 
Interviewer Do you feel like that wastes time or something?  
Holly No, I’m just very organized and I like things to be neat and easily readable and it just frustrates 
me because I’m like “oh god.” And then this one was worse because usually you just turn them it 
and it’s a record but um we didn’t have a summary worksheet this time so that was actually 
what they are going to read and grade so I was like, “is it okay? Can you still read this?” She said 
“it’s fine.” I was like ok whatever. 
Interviewer So if your table is one of the things they are going to grade this time is there a little bit of extra 
anxiety because if you don’t see a reaction and you were supposed to um then you would lose 
points? 
Holly I think I waited long enough, but yeah it was just kind of like I’m going to give this some extra 
time. And then also making sure they, you write down everything, like what does it look like, was 
it an initial reaction, did it you know have any bubbles, what color did it turn? So even if a 
precipitate formed it was still a clear solution I made sure I wrote that down. Um being more 
specific than I thought I needed to.  
Interviewer Do you spend time in conversation with the people around you to see if they got similar results?  
Holly Um yeah. Especially my lab partner. I would look over and be like “did any of your copper do 
anything?” And he was like “ok well at least both of us are wrong if we are wrong.” So see I am 
looking at his plate. Oh that’s the tweezers. I was like what is that? And yeah see I get frustrated 
too because I don’t like doing prelabs because if, I like things to all be organized and neat so like I 
made this table and they’re like “oh you need a really big table” and I was like “crap.” So I made a 
really big table but I was like “oh I can still use the little one, I’ll do that for what it looks like 
initially and I’ll do the big table for afterwards.” So I was happy about that, because I hate, you 
can’t just like scratch it out. You have to do one line or just leave it blank and that frustrates me 
beyond belief. And then one of these you’ll see me put two tine accidentally in the hydrochloric 
acid and I was like, the TA walked by right as it happened and I was like “is that ok?” she’s like 
“it’s fine.” Ooops. 
Interviewer Did anything happen here? I wonder if we can see it on the camera. 
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Holly You can see some of them. I’ll get pretty close. I don’t know which one this is.  
Interviewer I was observing from the middle lab room and I would see that your head was bent so I was 
like… 
Holly Yeah that one is doing something I think. That one is slower though. 
Interviewer Ok. 
Holly I know that three of those did something actually. I know the copper didn’t do hardly anything. 
This row didn’t do anything. See that one’s oxidizing.  
Interviewer Hmm. 
Holly The grossest one was the copper, silver nitrate. It turned like- 
Interviewer It was gross? 
Holly Yeah. You put it in and it’s like a little thin and it’s just covered in precipitate so it looked like a 
little fuzzy bacteria. So disgusting. One of them I think it was tin in the silver nitrate just turned 
black and like moldy looking like if you leave apple juice in the room for a couple of days. I was 
alright, not a good comparison. Wait til we get to hydrochloric acid. That one’s good. That’s the 
one that bubbles like crazy with the gas. 
Interviewer When you add the hydrochloric acid? 
Holly Not this. This is copper and then it’s hydrochloric acid. So you can see kind of my X’s in my wells. 
That’s where I didn’t put anything. 
Interviewer Oh ok I see down there. 
Holly One of them is kind of in the milky row so you can’t see it. 
Interviewer Oh that’s doing something.  
Holly Yeah. 
Interviewer Which is that one? Oh maybe we could pause it. 
Holly It’s, that’s the magnesium and the tin chloride. I think the magnesium did something with 
everything. 
Interviewer What does that mean?  
Holly Um, it reacted in some formed a precipitate with everything that it did. Except for I think this 
one didn’t the uh what’s that? 
Interviewer Is there a name for a metal that can displace all of those metals? 
Holly Um, that’s what I haven’t figured out yet. But I think the um I copper didn’t react at all so it’s at 
the top of the activity series because nothing reacts with it. And then the magnesium reacted 
with everything so…something like that. 
Interviewer Interesting. 
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Holly Actually, sorry it’s the other way around. Copper didn’t displace anything and then magnesium 
did. So it would be at the top not the bottom. I know that much. I haven’t done the calculations 
yet though.  
Interviewer Ok I’m going to let this play and I’m going to ask a few things about what’s going on with the 
experiment I guess. Um a few minutes ago you said that um the particulate pictures help you 
understand what’s going on. So if we wanted to pick one of the wells, maybe the one we just did 
magnesium and tin chloride, so what’s going on in that well? What’s making that reaction?  
Holly Can I pause it? I’m used to having a Mac. 
Interviewer Yeah. 
Holly You can kind of see that I am – you can ribbon them 
Interviewer Ribbon-  
Holly Cause reaction at edge, dark grey, ok that was the gross one. So it turned it’s like a grey square 
and the edges kind of turned grey and fuzzy and then whole it was kind of weird the square 
stayed but the edges just completely got bigger and greyer and fuzzier and then at some point 
this popped out and like moved away because I shook it -  
Interviewer What popped out? 
Holly Um the little square tin, er magnesium. And then the little fuzziest were still had little a little 
square of nothing and it was just fuzziess so that was just funny but um I don’t know. It’s kind of 
easy for me to when a precipitate forms it’s easier for me to understand now like ok it’s kind of 
in a sense you have these two things together you add this one and this one pops off and move 
over and that one takes its place.  
Interviewer Ok so what was the grey and fuzzy stuff around it? 
Holly Oh goodness. So it was tin chloride and magnesium, so uh the solution became magnesium 
chloride and the tin was what was precipitating.  
Interviewer Ok awesome. 
Holly I do believe.  
Interviewer Let’s see if I was going to ask anything else about that. So do you want, do you know which is 
being oxidized and which is being reduced?  
Holly Not off the top of my head. I have to think about that one for a minute.  
Interviewer Ok let’s keep going so we can get to the (mumbles, talking at the same time) What does that say?  
Oh that probably says Pb for tin, nope that would not be, that would be lead, sorry. Now I sound 
not smart. 
Holly I think it said precipitate out. Or something like that.  
Interviewer Oh that would make sense. 
Holly You can kind of see the square in the middle. It’s weird. Most of them reacted in and went 
inwards. 
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Interviewer Why do you think that it started and just um didn’t eat up the entire piece of metal that you put 
in there?  
Holly Uh some of them did, like the hydrochloric acid, I think it just depends on the strength of the 
reaction. Um and what’s being, like in the bottom I think it was zinc and copper sulfate. It 
oxidizes and it turned red, it turns rusty. Um but it takes a lot longer whereas when you put 
magnesium in hydrochloric acid it immediately disappears and goes “fst.” So it just kind of 
depends on how strong a reaction goes. How quickly. Yeah that’s going to bother me. I don’t 
know why it’s at that angle.  
Interviewer Oh it’s ok. This is great. 
Holly That’s me being OCD about the lines.  
Interviewer It probably makes it nice for your TA to grade though.  
Holly My hand writing is still terrible though. My C’s and G’s all look the same. My a’s and s’s, I’m just 
very sloppy.  
Interviewer Really? 
Holly Like I can read it but sometimes I get it back and I’m like I gotta fix that. (mumbling) 
Interviewer Is copper the only one that is blue? 
Holly Mmhmm. 
Interviewer Do you know why it’s blue? 
Holly No.  
Interviewer That’s ok. I thought I would ask. 
Holly Ok this is the one that goes 
Interviewer Oh. 
Holly Yeah you can hear it. It’s fizzing and then there’s smoke. 
Interviewer So what’s the smoke? 
Holly It’s just the gas. 
Interviewer What gas is coming off? 
Holly Um, let’s see its hydrochloric acid and magnesium, so it’s not chloride gas because we would all 
be dead. I’m not sure what it is. My guess is it is probably, it’s molar solution and there is water 
in there so it’s probably just some water being displaced out of gas I don’t know. I’m not really 
sure. If I had a particle picture I could tell you.  
Interviewer Maybe you have some in your notebook. 
Holly But my TA will know what’s going on in exquisite detail. I think the copper is next. Then the rest.  
Interviewer To merge is that what you said? 
 284 
 
Holly To submerge. Eventually I figured that they had toothpicks back there for us to do just that. So in 
minute I did. I poke them in and they still don’t do anything. 
Interviewer Do you like stir? 
Holly Um not really. For the ones I poked, they were ones just like they were flat so they stayed on the 
surface so I didn’t know if anything was happened on the bottom. So I poked them down and 
they still didn’t do anything. So those mostly didn’t exactly precipitate out. They just precipitated 
and you had to stir it. They probably would have dissolved a little more I guess. But there were 
some people poking their tweezers down in there and I was like that is not a good idea. That’s 
like the whole, like that could do something else. 
Interviewer And is there any other reason why that wouldn’t be a good idea?  
Holly Um well also because I’m sure they’re not cleaned very well and they’re kind of um have 
disposits of different metals and oxides and stuff on them. You can see they are kind of greenish 
and gross. So I am sure they have residue from other reactions you never know what’s going to 
happen if you put that into hydrochloric acid. I’d rather have my eye sight. 
Interviewer Ok are there other examples of the reactions that we just watched, probably all the ones for 
magnesium right?  
Holly Mmhmm. 
Interviewer Were there others that were more exciting or um more interesting to watch or that you felt were 
either confused or you understood what was going on? 
Holly Um I know there was one in the silver nitrate I think it was with the tin like nothing happened at 
first so I was like ok so I’m going to go and do the next one. So I picked it up and moved over and 
it was doing something so I like set it down and I was watching it and I was like oops. I should 
have watched that longer. Um, so that was kind of like oh cool. If something did happen, it was 
just a little slower. Whereas with the hydrochloric acid and the magnesium, it was like “pseak!” 
So some of them I just kind of made sure I watched.  
Interviewer Tin was the last one? Tin there’s tin. Which one is that? 
Holly It’s that one. See it has darker edges. Because when I first put it in, it didn’t do anything so I was 
like alright. And then it, after a while it completely turned like black on the edges and kind of 
precipitated a little bit I think. From what I remember. Oh there’s the hair.  
Interviewer That’s ok. What solution is that that reacts with almost all of them? 
Holly Oh that was the zinc. I think reacted with almost everything. That one was really gross too. That 
one was the one that turned like black and puffy and mold looking and then when you put it in 
the copper sulfate it just like it stayed as granules but it turned black and it looked like deer 
poop or something gross. I don’t think it did anything in the magnesium sulfate though. That was 
the only one it didn’t react with. See it’s kind of, see it’s all black and gross. And that one turned 
the same thing but in a milky solution it was like grey- 
Interviewer Milky? 
Holly Mmhmm. 
Interviewer Oh my. 
Holly That was the tin chloride. It was kind of whitish. I think. That one was. Gross.  
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Interviewer So you had your test on this the day before right? 
Holly Mmhmm. 
Interviewer So do you think if you would have had this before your test that it would have helped you 
understand these ideas better? 
Holly Um not necessarily. I understand the ideas, I was just more worried about the math.  
Interviewer Oh ok. 
Holly And actually my twin sister came into town this weekend. I haven’t seen her in 7 weeks and she 
only got to stay for a couple days but it was kind of frustrating because she was here, I had a 
huge lab report due for this and I had a test on top of everything else. So that was frustrating. Um 
but the week is almost over. And I’m actually leaving at 1 o’clock for a swim meet in Maryland. 
So … 
Interviewer Ok well I’ll - 
Holly See there’s the toothpick. 
Interviewer I’m going to turn it down a little more and ask a few more things. I am watching the time for you. 
Um, what do you think the purpose was for doing this experiment? 
Holly Um I think it was just kind of a hands on way to identify that there’s different strengths of 
reaction. Like just because you combine two things doesn’t mean there’s going to be a reaction 
or doesn’t mean that, they don’t necessarily switch places. Like things precipitate out. Things 
don’t react. Um, I know that my professor talked about how if you have a molecules and another 
molecules they don’t just switch. Like that’s not how it works. There’s actually a process behind 
it. So I guess it’s kind of like in that like you have to, just because you put something in doesn’t 
mean it’s going to react, doesn’t mean it’s going to switch. 
Interviewer Right. Were there any that did not react that you were surprised by?  
Holly Um not really. Um, I thought it was kind of weird that none of the magnesium sulfate like almost 
none of that reacted with anything um and then the copper didn’t do anything at all. It didn’t 
really surprise me as much as I was like “is this supposed to happen?”  
Interviewer Well let’s see. So the magnesium sulfate didn’t react with anything but the magnesium metal, did 
that react with everything? 
Holly I think so. Yeah. 
Interviewer So does that make sense for the solution to not react but then the metal itself? So -?  
Holly I confused myself a lot but like um if you put magnesium since it reacted with everything that 
means that it was um a stronger metal was able to push the other one out of the way or 
whatever. So when you put the other metals in the magnesium, it wouldn’t, it’s stronger than 
they are so it’s not going to push them out of the way. So you wouldn’t expect to see anything. 
Interviewer That’s interesting. You are able to make all of those connections with just using those, however 
many reactions 6 times, like 20 reactions or something. 
Holly Yeah. It was kind of the opposite with copper. Like nothing reacted and then like in the copper 
sulfate, everything reacted. They had correlations this way and this way.  
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Interviewer That’s pretty cool. Um, was there a time when you really felt like you, I feel like I have already 
asked this in a different way, when you felt like you really learned from what was going on? 
Holly Um I think that when I do my calculations it will really cement that but yeah once again it was 
just kind of I like hands on, I like doing things hands on and chemistry is very, like obviously a 
lab is hands on but that doesn’t mean you are learning hands on so if something like this where I 
can see what is actually happening um is nice because like when we do titrations like oh great 
it’s pink, what the hell does that mean? So like with this I’m like oh this is what’s happening. 
Interviewer Right. What kind of calculations are required for this? 
Holly Um you have to it’s kind of like you do a balanced for each of the equations, a total ionic reaction, 
and then a net ionic reaction. Um so basically what ends up happening is you get rid of spectator 
ions and you see what’s actually like precipitating out um because it turns from aqueous to 
solution so you see where the actual reaction is happening, you see um which metal is stronger 
than the other one. 
Interviewer Ok. Um do you feel like you gained anything form doing this experiment? 
Holly Um, I think that I’ll better understand activity series and if somebody just gave me a graph and 
said ok this is what happens, like kind of in my professor’s class like she showed it but like um 
we also did a clicker question that said ok if this equation does this, this equation does this, this 
equation does this, which one is stronger. It was easier for me to reason through this than just 
look at something and memorize it.  
Interviewer Yeah yeah ok. I think that’s about everything that I had. I’ll go ahead and stop this. Is there 
anything about your laboratory experience that you maybe thought I would ask but didn’t?  
Holly Um, I know that this study is kind of about that way people learn? 
Interviewer Yep, in lab. 
Holly So I don’t know. I think I’ve been pretty open like I’m a hands on learner, I like to visualize 
things, um, when you, I think the only thing that I would have expected is how does being 
nervous or anxious about this affect how you do your lab or how you do your data because that’s 
like half of my life is I um I’m very anxious about it so I spend a lot more time on it, I question 
myself a lot more I ask a lot more people in my class how they did it or what they got so that I 
can compare it just kind of going back to that in context just because I do want to do well so 
figure the more people I compare it with the more I look at it I’ll find those mistakes. I’ll figure 
out, and sometimes it’s nice to see how people did it and get their logic behind it and be like “oh 
ok that makes a heck of a lot more sense than what I was thinking about it or the way I was 
doing it.” So it’s nice that there’s a lot of girls on my floor and upstairs that are in the same like 
general chemistry, not necessarily the same order but … 
Interviewer Do you think if you were less anxious about it you would study in a different way? 
Holly Um I am referring back to high school, I think if was less anxious about it and I was more 
confident about it, I would probably study it a heck of a lot less. And care a heck of a lot more, or 
less too as well. 
Interviewer So the anxiety stems from caring about learning? Caring about how well you do? 
Holly Yes. Um, I want to do a parallel here I’m a swimmer and um my best races have always been 
right I almost miss my event because I get in the wrong lane and my mother is like yelling at me 
to get in the right lane so that I get off in time and then I get all that anxiety and then I do better 
um so school is kind of the same way I get really anxious about tests. I really worry about my 
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chemistry tests and then I end up doing fine and like mom gets mad. She’s like “you always 
worry” but like that’s what makes me do well is I have to worry about it. Hopefully that will 
work out.  
Interviewer That’s interesting. And the fact that you go really slow and methodical like when you do 
experiments give you time to make sure you have done everything you’re supposed to do. 
Holly Like I don’t to just do the procedures. I want to be like “did I do everything? Yes, ok what does 
this mean? What do my results mean?” Like I want to think about it while I’m doing it so when I 
reflect on it I’m just like why did I do that again? Like the longer I take, the more I’m going to 
remember it.  
Interviewer Ok.  
Holly It gets funny how time passes in that lab. 
Interviewer Passes fast? 
Holly Sometimes. And then sometimes you walk out and you feel like you’ve been in there for 3 hours 
or 6 hours.  
Interviewer 6 hours. That’s a long time 
Holly I have another class right after that so it’s kind of like, Thursdays are long. 
Interviewer Well great. I think that’s about it. Is there anything else you want to ask me? 
Holly Mm I don’t think so.  
Interviewer Ok awesome.  
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APPENDIX J: QUALITATIVE CODEBOOK
Hierarchical Name Name  Description Number Of Sources 
Coded 
 Number Of Coding 
References 
Nodes\\General 
Nodes\\Actions 
Actions  student's description of 
different things they do in 
lab 
0 
 
0 
Nodes\\General 
Nodes\\Actions\Acting out 
of fear 
Acting out of fear  discussion of how student's 
actions are a result of fear 
of the consequences of their 
actions 
2 
 
5 
Nodes\\General 
Nodes\\Actions\Data 
comparison 
Data comparison  talking about comparing 
data and results with other 
students/peers as a way to 
decide it their data turned 
out right/sufficient 
10 
 
19 
Nodes\\General 
Nodes\\Actions\Do now; 
think later 
Do now; think later  student is explicit about 
how in lab they only think 
about doing the procedure 
and don't choose to think 
about the chemistry until 
when they work on the 
report or analysis 
12 
 
20 
  
Nodes\\General 
Nodes\\Actions\Doing it 
right 
Doing it right  in vivo code, student 
concerned about doing the 
procedure right, getting the 
right data, general concern 
about carrying out the 
procedure correctly 
11 
 
43 
Nodes\\General 
Nodes\\Actions\Interpreting 
calculations 
Interpreting calculations  student talks about doing 
the calculations, their 
results, trying to understand 
the numbers in context 
9 
 
10 
Nodes\\General 
Nodes\\Actions\Lab prep 
Lab prep  talk about the preparation 
student does before lab time 
to get ready for lab 
3 
 
8 
Nodes\\General 
Nodes\\Actions\Making 
decisions 
Making decisions  student talks about making 
choices or decisions; needs 
to be a specific decision not 
an overall decision (like 
thinking while doing would 
not fit for this code), does 
not include NOT making 
decisions, so maybe this is 
the opposite of "lab manual 
says to" code 
4 
 
4 
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Hierarchical Name Name  Description Number Of Sources 
Coded 
 Number Of Coding 
References 
Nodes\\General 
Nodes\\Actions\Problem 
solving\Asking for help 
Asking for help  student discusses when, to 
whom, etc. they ask for 
help 
5 
 
11 
Nodes\\General 
Nodes\\Actions\Problem 
solving\Mistakes 
Mistakes  description of mistake or 
error during experiment, 
how they handled it, 
reaction, etc 
10 
 
19 
Nodes\\General 
Nodes\\Actions\Problem 
solving\Redo 
Redo  Having to redo part or all of 
experiment from choice or 
obligation 
8 
 
15 
Nodes\\General 
Nodes\\Actions\Problem 
solving\Working through 
problems 
Working through problems  student talks about how 
they overcome problems, 
obstacles, how they 
reasoned through their 
problems 
5 
 
6 
Nodes\\General 
Nodes\\Actions\Putting 
forth effort 
Putting forth effort  talk about putting forth 
effort or trying and talk 
about deciding to not try or 
put forth effort; "try hard;" 
approach to work in lab, 
description of their choice 
of how they work in and for 
lab 
7 
 
9 
  
Nodes\\General 
Nodes\\Actions\Technique 
Technique  anything about physically 
doing, carrying out the 
procedures 
8 
 
30 
Nodes\\General 
Nodes\\Actions\Think while 
doing 
Think while doing  student talks about the 
benefits of thinking while 
doing even if they aren't 
living it out 
5 
 
8 
Nodes\\General 
Nodes\\Beliefs about 
learning 
Beliefs about learning  things that tell about the 
student's beliefs about how 
learning occurs (and how 
learning occurs specifically 
in the lab room) 
0 
 
0 
Nodes\\General 
Nodes\\Beliefs about 
learning\Contrastly ideal 
with reality 
Contrastly ideal with reality  student makes an explicit 
comparison of what they 
are and are not; "it could be 
this but it's not; it's that." 
1 
 
3 
Nodes\\General 
Nodes\\Beliefs about 
learning\Control and 
responsibility 
Control and responsibility  student talks about things 
that appear of out of their 
direct control; this could 
come with the use of the 
pronoun "they" or "it wasn't 
13 
 
122 
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Hierarchical Name Name  Description Number Of Sources 
Coded 
 Number Of Coding 
References 
 my fault" or "that always 
happens no matter what I 
do" etc 
 
Nodes\\General 
Nodes\\Beliefs about 
learning\Control and 
responsibility\Out of 
student's control & 
unknown 
Out of student's control & 
unknown 
 student talks about 
something in lab that is out 
of their own control - this 
could be broken down into 
accidents, someone else is 
in control - perhaps I'll 
break this down more next 
10 
 
15 
  
Nodes\\General 
Nodes\\Beliefs about 
learning\Control and 
responsibility\Out of 
student's control but known 
Out of student's control but 
known 
 talks about something they 
are required to do for lab 
(prep, etc); also their lack 
of control for how to carry 
out experiment; previouisly 
named "required to do" 
9 
 
16 
Nodes\\General 
Nodes\\Beliefs about 
learning\Control and 
responsibility\Perception of 
being in control 
Perception of being in 
control 
 student voices 
acknowledgement of 
control, often 
overconfidently; 
(researcher may know of 
times in video when student 
act contrary to this); also 
includes instances of 
student taking control 
and/or feeling in control of 
their situation and carrying 
out the experiment 
11 
 
20 
  
Nodes\\General 
Nodes\\Beliefs about 
learning\Control and 
responsibility\They 
They  student refers to "they" as 
some authority controlling 
their experience in lab 
9 
 
32 
Nodes\\General 
Nodes\\Beliefs about 
learning\Control and 
responsibility\Wants control 
but doesn't know how 
Wants control but doesn't 
know how 
 student describes their 
yearn for control in lab but 
feels completely out of 
control 
3 
 
4 
Nodes\\General 
Nodes\\Beliefs about 
learning\Control and 
responsibility\Within 
student's control 
Within student's control  talks about doing 
something under their own 
control.  This code is 
confusing to me. I don’t 
know how it's supposed to 
be different than 
"Perception of being in 
control." 
7 
 
10 
  
Nodes\\General 
Nodes\\Beliefs about 
learning\Learning Processes 
Learning Processes  
10 
 
26 
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Hierarchical Name Name  Description Number Of Sources 
Coded 
 Number Of Coding 
References 
Nodes\\General 
Nodes\\Beliefs about 
learning\Learning 
Processes\How 
How  
7 
 
11 
Nodes\\General 
Nodes\\Beliefs about 
learning\Learning 
Processes\Not learning 
Not learning  
4 
 
5 
Nodes\\General 
Nodes\\Beliefs about 
learning\Learning 
Processes\When 
When  
4 
 
7 
Nodes\\General 
Nodes\\Beliefs about 
learning\Learning styles 
Learning styles  
7 
 
19 
Nodes\\General 
Nodes\\Beliefs about 
learning\Learning 
styles\Hands on learner 
Hands on learner  self-proclaimed as a hands 
on learner 
5 
 
10 
Nodes\\General 
Nodes\\Beliefs about 
learning\Learning 
styles\Visual learner 
Visual learner  self proclaimed way of 
learning and what helps 
them because of that, what 
hinders their learning 
because of that. 
3 
 
7 
Nodes\\General 
Nodes\\Beliefs about 
learning\Outlook on 
learning in the lab 
Outlook on learning in the 
lab 
 thoughts about the learning 
process, how learning 
occurs, who is in charge of 
learning, etc; later I think 
this needs to be broken 
down and one category 
should be "purpose of lab" 
and include the ideas 
students have about the 
purpose of lab because it 
comes up for students and I 
don't even ask them 
10 
 
20 
  
Nodes\\General 
Nodes\\Beliefs about 
learning\Relevance 
Relevance  anything about relating to 
real world, everyday life, 
something outside of 
chemistry class or lab; or 
when the student talks 
about the absence of 
relevance 
8 
 
18 
Nodes\\General 
Nodes\\Beliefs about 
learning\Time 
Time  the student talks about how 
time affects, influences, or 
not their laboratory 
experience 
12 
 
32 
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Hierarchical Name Name  Description Number Of Sources 
Coded 
 Number Of Coding 
References 
Nodes\\General 
Nodes\\Ideas about the 
function of chemistry lab 
Ideas about the function of 
chemistry lab 
 things that give insight into 
how the student perceives 
chemistry, science, 
research, laboratory work, 
etc 
0 
 
0 
Nodes\\General 
Nodes\\Ideas about the 
function of chemistry 
lab\Attitude toward 
chemicals 
Attitude toward chemicals  anything about perspective 
of using different kinds of 
chemicals in lab 
4 
 
5 
Nodes\\General 
Nodes\\Ideas about the 
function of chemistry 
lab\Defining data 
Defining data  student defines that data 
means to them 
2 
 
3 
Nodes\\General 
Nodes\\Ideas about the 
function of chemistry 
lab\Function of instructions 
Function of instructions  student's talk about the 
procedures and instructions 
leads to insight into what 
they think is the purpose 
and function of the 
instructions - a method to 
help them understand, a 
hurtle, a stone tablet, etc.... 
3 
 
8 
  
Nodes\\General 
Nodes\\Ideas about the 
function of chemistry 
lab\Science as truth 
Science as truth  student talks about how 
what they do in the lab as 
truth, like what they are 
learning is how it is in the 
real world; confirming 
something they are learning 
in the classroom as 
something that is true in the 
physical 
2 
 
2 
  
Nodes\\General 
Nodes\\Ideas about the 
function of chemistry 
lab\Scientific Method 
Scientific Method  discussion of how things 
work in science & research, 
answering unknown versus 
known questions in lab 
2 
 
2 
Nodes\\General 
Nodes\\Interactions with 
people 
Interactions with people  anything about a student's 
interactions with other 
people in lab 
0 
 
0 
Nodes\\General 
Nodes\\Interactions with 
people\Instructor 
Instructor  like "peer" code, this is 
description of instructor 
interaction, influence, etc 
3 
 
8 
Nodes\\General 
Nodes\\Interactions with 
people\Peer 
Peer  any comment about peer 
interaction, influence, etc 
(divide this up into more 
discrete peer codes later, 
just general for now) 
11 
 
28 
 293 
 
Hierarchical Name Name  Description Number Of Sources 
Coded 
 Number Of Coding 
References 
Nodes\\General 
Nodes\\Interactions with 
people\TA interactions 
TA interactions  
11 
 
29 
Nodes\\General 
Nodes\\Metacognitive 
Metacognitive  (When a student is 
thinking/reflecting about 
their learning.) I'm not sure 
what else to call this code. 
Phyllis thinking about the 
structure of the experiments 
as she is thinking about 
whether she is learning 
problem solving skills. 
2 
 
3 
  
Nodes\\General 
Nodes\\Motivations 
Motivations  anything fueling or 
influencing the student in 
lab; an answer to "why are 
you doing that?" 
0 
 
0 
Nodes\\General 
Nodes\\Motivations\Apathet
ic 
Apathetic  students acts apathetic, 
don't care attitude toward 
learning problems or 
difficulties in the lab 
1 
 
2 
Nodes\\General 
Nodes\\Motivations\Assess
ment 
Assessment  student reaction, 
interpretation, etc of how 
they are assessed for their 
laboratory work 
7 
 
16 
Nodes\\General 
Nodes\\Motivations\Desire 
to learn 
Desire to learn  student talks about how 
they aren't challenged 
conceptually in lab or that 
they want to be 
pushed/challenged to think 
about the concepts 
2 
 
3 
Nodes\\General 
Nodes\\Motivations\Express
ion interest, excitement, or 
enjoyment 
Expression interest, 
excitement, or enjoyment 
 anything about excited to 
being "doing" things in lab, 
overall enjoyment - can I 
code things here that are the 
opposite? Like when 
Phyllis says she is just not 
excited. Because many of 
them talk about being 
interested, so I am 
wondering how much of 
interest is tied with 
excitement and what isn't. 
06/04/14 I changed the 
name of the code from 
"excited to do chemistry" to 
"expression of interest, 
excitement, or enjoyment" 
7 
 
13 
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Hierarchical Name Name  Description Number Of Sources 
Coded 
 Number Of Coding 
References 
Nodes\\General 
Nodes\\Motivations\Express
ion interest, excitement, or 
enjoyment\Opposite of 
excited or interested 
Opposite of excited or 
interested 
 when a student talks about 
the opposite of being 
excited or interested. NOT 
excited, NOT interested. 
2 
 
2 
 Nodes\\General 
Nodes\\Motivations\Express
ion interest, excitement, or 
enjoyment\Wishing for 
excitement 
Wishing for excitement  student wishes what they 
were doing was exciting or 
interesting to them but it's 
not. 
1 
 
1 
Nodes\\General 
Nodes\\Motivations\Insignif
icant details 
Insignificant details  concerns with "surface 
features," details that don't 
help student understand the 
content, takes their focus 
away from conceptual 
understanding in lab; 
hindrances 
2 
 
2 
  
Nodes\\General 
Nodes\\Motivations\Intrinsi
c obligation 
Intrinsic obligation  a responsibility or goal set 
by the student for their own 
personal growth 
1 
 
1 
Nodes\\General 
Nodes\\Motivations\Lab 
manual says to 
Lab manual says to  just following procedure 
because it says to do 
something in the lab 
manual. Why are you doing 
that? The lab manual says 
to. The reason for an action. 
9 
 
18 
Nodes\\General 
Nodes\\Motivations\Motivat
ion 
Motivation  student discusses things that 
motivate them in lab; this 
doesn't need to be explicit 
(Angela's quote is not 
explicit but her answer 
points to what motives her 
to do well in lab) 
7 
 
8 
  
Nodes\\General 
Nodes\\Motivations\Right 
data 
Right data  talks about getting the right 
data as is the student is on a 
treasure hunt and the right 
data is the pot of gold; like 
the instructor has some 
specific data set that the 
experiment is supposed to 
yield 
9 
 
13   
Nodes\\General 
Nodes\\Outside influences 
Outside influences  different things outside of 
the lab room that have an 
effect on how student 
behaves, thinks, and feels 
about lab 
0 
 
0 
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Hierarchical Name Name  Description Number Of Sources 
Coded 
 Number Of Coding 
References 
Nodes\\General 
Nodes\\Outside 
influences\Career goals or 
interests 
Career goals or interests  anything related to student's 
goals for after college 
(medical school, dental 
school, grad school, job, 
etc) 
9 
 
11 
Nodes\\General 
Nodes\\Outside 
influences\Connection to 
lecture 
Connection to lecture  comments about comparing 
lab and lecture, including 
lecture content, what 
learning in lecture, etc 
13 
 
37 
Nodes\\General 
Nodes\\Outside 
influences\Grades 
Grades  any comments pertaining to 
grades, grade they want, 
grade they received, affect 
of grades on their work in 
lab, etc 
10 
 
17 
Nodes\\General 
Nodes\\Outside 
influences\HS chem 
HS chem  comments about experience 
in chemistry class or lab in 
high school 
8 
 
27 
Nodes\\General 
Nodes\\Outside 
influences\Research 
experience 
Research experience  
3 
 
4 
Nodes\\General 
Nodes\\Outside resources 
Outside resources  how student seeks help for 
lab outside of class 
7 
 
10 
Nodes\\General 
Nodes\\Perceptions of 
procedure 
Perceptions of procedure  student's ideas about the 
actions or things they do in 
lab 
0 
 
0 
Nodes\\General 
Nodes\\Perceptions of 
procedure\Anyone could do 
it 
Anyone could do it  from Kevin "because they 
can train monkeys to do 
things" i.e., you don't have 
to know what's going on to 
do it; previously known as 
monkeys 
7 
 
12 
Nodes\\General 
Nodes\\Perceptions of 
procedure\Just learning the 
basics 
Just learning the basics  they are just learning the 
basic skills and concepts. 
can't solve novel problems 
yet, creativity and open 
ended experiments come 
later after having learned 
these basic things 
4 
 
7 
  
Nodes\\General 
Nodes\\Perceptions of 
procedure\New to me 
New to me  chemistry/this 
topic/technique are new to 
me, I don't know how to do 
them, I've never done this 
before 
5 
 
19 
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Hierarchical Name Name  Description Number Of Sources 
Coded 
 Number Of Coding 
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Nodes\\General 
Nodes\\Perceptions of 
procedure\Not new to me 
Not new to me  So the opposite of "new to 
me" code; student has 
experience doing these 
technical procedures before 
or some other experience in 
lab, so that what student is 
doing is not new but almost 
a "repeat" for them 
5 
 
11 
  
Nodes\\General 
Nodes\\Perceptions of 
procedure\Simple to do 
Simple to do  student describes the 
procedure as simple, not 
hard to do; ease of carrying 
out procedure;  clear in 
HOW to do - different than 
"straightforward" which is 
clear in WHAT to do 
5 
 
8 
  
Nodes\\General 
Nodes\\Perceptions of 
procedure\Straightfoward 
Straightfoward  the procedure is 
"straightforward" to do, 
written out in a such a way 
that is easy to follow, 
directness of the 
instructions; clear in 
WHAT to do - different 
than "simple to do" which 
is clear in HOW to do 
5 
 
12 
  
Nodes\\General 
Nodes\\Personal Character 
Personal Character  insight into the student's 
personal character, things 
they say about themselves 
that don't directly relate to 
chemistry 
7 
 
12 
Nodes\\General 
Nodes\\Prefers biology 
Prefers biology  talks about how they like 
biology content and biology 
lab more thatn chemistry 
1 
 
1 
Nodes\\General 
Nodes\\Quoteable Quotes 
Quoteable Quotes  quotes to use 
9 
 
32 
Nodes\\General Nodes\\Rxn 
to camera 
Rxn to camera  comments about behavior 
or feelings toward being 
observed on camera 
7 
 
11 
Nodes\\General 
Nodes\\Theoretical domains 
Theoretical domains  
0 
 
0 
Nodes\\General 
Nodes\\Theoretical 
domains\Affective 
Affective  anything pertaining to the 
affective domain 
12 
 
58 
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Coded 
 Number Of Coding 
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Nodes\\General 
Nodes\\Theoretical 
domains\Affective\Aspired 
emotions 
Aspired emotions  students talks about things 
they wish they felt or did in 
lab, maybe how they are 
overcoming it, or coping 
without it 
3 
 
3 
Nodes\\General 
Nodes\\Theoretical 
domains\Affective\Negative 
Negative  negative affect, something 
indicating a decrease in 
affect, etc. 
8 
 
22 
Nodes\\General 
Nodes\\Theoretical 
domains\Affective\Positive 
Positive  positive affect, something 
indicating an increase in 
affect, good, positive, 
optimistic 
6 
 
16 
Nodes\\General 
Nodes\\Theoretical 
domains\Affective\Previous 
feelings 
Previous feelings  "I used to feel a certain way 
in lab but now I don't" with 
any explanation of why not 
anymore 
2 
 
2 
Nodes\\General 
Nodes\\Theoretical 
domains\cogn_aff 
cogn_aff  
7 
 
8 
Nodes\\General 
Nodes\\Theoretical 
domains\Cognitive 
Cognitive  anything pertaining to the 
cognitive domain 
13 
 
106 
Nodes\\General 
Nodes\\Theoretical 
domains\Cognitive\Content 
explanation 
Content explanation  discussing chemistry 
content and concepts from 
the experiments 
3 
 
7 
Nodes\\General 
Nodes\\Theoretical 
domains\Flexible 
Flexible  not holding fast to the 
procedure, manual, or 
instructions; able to 
troubleshoot, thinks on their 
own 
3 
 
9 
Nodes\\General 
Nodes\\Theoretical 
domains\Literal 
Literal  stuck on procedure, 
manual, instructions; can't 
deviate from instructions 
given by authority 
5 
 
14 
Nodes\\General 
Nodes\\Theoretical 
domains\Psychomotor 
Psychomotor  only for when student talks 
about solely doing 
something, technique 
7 
 
18 
Nodes\\General 
Nodes\\Theoretical 
domains\Psychomotor\Effici
ent 
Efficient  
0 
 
0 
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Hierarchical Name Name  Description Number Of Sources 
Coded 
 Number Of Coding 
References 
Nodes\\General 
Nodes\\Theoretical 
domains\Psychomotor\Idle 
Idle  student talks about time(s) 
in lab where they don't do 
much, maybe bored, not 
engaged in doing lab work 
4 
 
10 
Nodes\\General 
Nodes\\Theoretical 
domains\Psychomotor\Ineffi
cient 
Inefficient  
2 
 
3 
Nodes\\General 
Nodes\\Unaware 
Unaware  clueless 
2 
 
2 
Nodes\\Phase 1\\Phase 1 Phase 1  
13 
 
13 
Nodes\\Phase 1\\Phase 
1\Adjective that go together 
Adjective that go together  student pairs words 
together that student think 
are similar; gives the same 
examples 
8 
 
16 
Nodes\\Phase 1\\Phase 
1\Afraid 
Afraid  students marks this word 
for any part of phase 1 
12 
 
15 
Nodes\\Phase 1\\Phase 
1\Anxious 
Anxious  student marks this word for 
any part of phase 1 
8 
 
12 
Nodes\\Phase 1\\Phase 
1\Bored 
Bored  student marks this word for 
any part of phase 1 
10 
 
13 
Nodes\\Phase 1\\Phase 
1\Challenged 
Challenged  student marks this word for 
any part of phase 1 
11 
 
15 
Nodes\\Phase 1\\Phase 
1\Challenged\negative 
challenge 
negative challenge  
3 
 
3 
Nodes\\Phase 1\\Phase 
1\Challenged\positive 
challenge 
positive challenge  
3 
 
3 
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Hierarchical Name Name  Description Number Of Sources 
Coded 
 Number Of Coding 
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Nodes\\Phase 1\\Phase 
1\Comfortable 
Comfortable  student marks this word for 
any part of phase 1 
10 
 
19 
Nodes\\Phase 1\\Phase 
1\Confident 
Confident  students marks this word 
for any part of phase 1 
11 
 
22 
Nodes\\Phase 1\\Phase 
1\Confused 
Confused  student marks this word for 
any part of phase 1 
7 
 
18 
Nodes\\Phase 1\\Phase 
1\Contrasting adjectives 
Contrasting adjectives  student picks and discusses 
seemingly contrasting 
adjectives for phase 1 
4 
 
7 
Nodes\\Phase 1\\Phase 
1\Creative 
Creative  students marks this word 
for any part of phase 1 
13 
 
17 
Nodes\\Phase 1\\Phase 
1\Excited 
Excited  student marks this word for 
any part of phase 1 
8 
 
10 
Nodes\\Phase 1\\Phase 
1\Frustrated 
Frustrated  student marks this word for 
any part of phase 1 
11 
 
15 
Nodes\\Phase 1\\Phase 
1\Inspired 
Inspired  student marks this word for 
any part of phase 1 
12 
 
15 
Nodes\\Phase 1\\Phase 
1\Interested 
Interested  students marks this word 
for any part of phase 1 
11 
 
19 
Nodes\\Phase 1\\Phase 
1\Intimidated 
Intimidated  students marks this word 
for any part of phase 1 
9 
 
12 
Nodes\\Phase 1\\Phase 
1\Lost 
Lost  student marks this word for 
any part of phase 1 
8 
 
10 
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Hierarchical Name Name  Description Number Of Sources 
Coded 
 Number Of Coding 
References 
Nodes\\Phase 1\\Phase 
1\Motivated 
Motivated  student marks this word for 
any part of phase 1 
9 
 
12 
Nodes\\Phase 1\\Phase 
1\Nervous 
Nervous  student marks this word for 
any part of phase 1 
11 
 
13 
Nodes\\Phase 1\\Phase 
1\Opposites 
Opposites  I'm this because I’m not 
that. Using the words in 
pairs, showing how they are 
opposite for their 
experience 
1 
 
2 
Nodes\\Phase 1\\Phase 
1\Organized 
Organized  student marks this word for 
any part of phase 1 
11 
 
25 
Nodes\\Phase 1\\Phase 
1\Own words 
Own words  student choose their own 
word(s) to describe their 
experience in lab 
4 
 
4 
Nodes\\Phase 1\\Phase 
1\phase 1 tasks 
phase 1 tasks  circled, crossed out, starred 
0 
 
0 
Nodes\\Phase 1\\Phase 
1\phase 1 tasks\Circled 
Circled  when student is talking 
about words that they 
circled 
13 
 
13 
Nodes\\Phase 1\\Phase 
1\phase 1 tasks\Crossed out 
Crossed out  when student is talking 
about words that they 
crossed out 
13 
 
13 
Nodes\\Phase 1\\Phase 
1\phase 1 tasks\extra 
conversation 
extra conversation  extra ideas students give 
about the words 
1 
 
1 
Nodes\\Phase 1\\Phase 
1\phase 1 tasks\Should feel 
but don't 
Should feel but don't  when student talks about 
words they didn't mark 
8 
 
8 
Nodes\\Phase 1\\Phase 
1\phase 1 tasks\Starred 
Starred  when student talks about 
words that they starred 
13 
 
13 
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Coded 
 Number Of Coding 
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Nodes\\Phase 1\\Phase 
1\Relating to Cognitive and 
Psychomotor 
Relating to Cognitive and 
Psychomotor 
 
0 
 
0 
Nodes\\Phase 1\\Phase 
1\Relating to Cognitive and 
Psychomotor\Influence 
cognitive 
Influence cognitive  
5 
 
16 
Nodes\\Phase 1\\Phase 
1\Relating to Cognitive and 
Psychomotor\Influence 
psychomotor 
Influence psychomotor  
6 
 
11 
Nodes\\Phase 1\\Phase 
1\Relating to Cognitive and 
Psychomotor\Motivator 
Motivator  
5 
 
10 
Nodes\\Phase 1\\Phase 
1\Relating to Cognitive and 
Psychomotor\Response 
Response  
4 
 
14 
Nodes\\Phase 1\\Phase 
1\Worry 
Worry  student marks this word for 
any part of phase 1 
10 
 
14 
Nodes\\Phase 2\\Phase 2 Phase 2  
13 
 
13 
Nodes\\Phase 2\\Phase 2\1 
to learn chemistry that will 
be useful in my life 
1 to learn chemistry that 
will be useful in my life 
 student discusses their 
thoughts about this MLILI 
item 
12 
 
12 
Nodes\\Phase 2\\Phase 2\10 
to consider if my data makes 
sense 
10 to consider if my data 
makes sense 
 student discusses their 
thoughts about this MLILI 
item 
8 
 
8 
Nodes\\Phase 2\\Phase 2\11 
to think about what the 
molecules are doing 
11 to think about what the 
molecules are doing 
 student discusses their 
thoughts about this MLILI 
item 
4 
 
4 
Nodes\\Phase 2\\Phase 2\12 
to feel disorganized 
12 to feel disorganized  student discusses their 
thoughts about this MLILI 
item 
2 
 
2 
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Coded 
 Number Of Coding 
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Nodes\\Phase 2\\Phase 2\13 
to develop confidence in the 
laboratory 
13 to develop confidence in 
the laboratory 
 student discusses their 
thoughts about this MLILI 
item 
2 
 
2 
Nodes\\Phase 2\\Phase 2\14 
to worry about getting good 
data 
14 to worry about getting 
good data 
 student discusses their 
thoughts about this MLILI 
item 
8 
 
8 
Nodes\\Phase 2\\Phase 2\15 
the procedures to be simple 
to do 
15 the procedures to be 
simple to do 
 student discusses their 
thoughts about this MLILI 
item 
5 
 
5 
Nodes\\Phase 2\\Phase 2\16 
to be confused about the 
underlying concepts 
16 to be confused about the 
underlying concepts 
 student discusses their 
thoughts about this MLILI 
item 
1 
 
1 
Nodes\\Phase 2\\Phase 2\17 
to get stuck but keep trying 
17 to get stuck but keep 
trying 
 student discusses their 
thoughts about this MLILI 
item 
10 
 
10 
Nodes\\Phase 2\\Phase 2\18 
to be nervous when 
handling chemicals 
18 to be nervous when 
handling chemicals 
 student discusses their 
thoughts about this MLILI 
item 
1 
 
1 
Nodes\\Phase 2\\Phase 2\19 
to think about chemistry I 
already know. 
19 to think about chemistry 
I already know. 
 student discusses their 
thoughts about this MLILI 
item 
10 
 
10 
Nodes\\Phase 2\\Phase 2\2 
to worry about finishing on 
time 
2 to worry about finishing 
on time 
 student discusses their 
thoughts about this MLILI 
item 
8 
 
8 
Nodes\\Phase 2\\Phase 2\20 
to worry about the quality of 
my data 
20 to worry about the 
quality of my data 
 student discusses their 
thoughts about this MLILI 
item 
5 
 
6 
Nodes\\Phase 2\\Phase 2\21 
to be frustrated 
21 to be frustrated  student discusses their 
thoughts about this MLILI 
item 
0 
 
0 
Nodes\\Phase 2\\Phase 2\22 
to interpret my data beyond 
only doing calculations 
22 to interpret my data 
beyond only doing 
calculations 
 student discusses their 
thoughts about this MLILI 
item 
7 
 
7 
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Hierarchical Name Name  Description Number Of Sources 
Coded 
 Number Of Coding 
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Nodes\\Phase 2\\Phase 2\24 
to focus on procedures, not 
concepts. 
24 to focus on procedures, 
not concepts. 
 student discusses their 
thoughts about this MLILI 
item 
13 
 
13 
Nodes\\Phase 2\\Phase 2\25 
to use my observations to 
understand the behavior of 
atoms and molecules 
25 to use my observations 
to understand the behavior 
of atoms and molecules 
 student discusses their 
thoughts about this MLILI 
item 
2 
 
2 
Nodes\\Phase 2\\Phase 2\26 
to make mistakes and try 
again 
26 to make mistakes and try 
again 
student discusses their 
thoughts about this MLILI 
item 
4 
 
4 
Nodes\\Phase 2\\Phase 2\27 
to be intrigued by the 
instruments 
27 to be intrigued by the 
instruments 
 student discusses their 
thoughts about this MLILI 
item 
9 
 
9 
Nodes\\Phase 2\\Phase 2\28 
to feel intimidated 
28 to feel intimidated  student discusses their 
thoughts about this MLILI 
item 
0 
 
0 
Nodes\\Phase 2\\Phase 2\29 
to be confused about what 
my data mean 
29 to be confused about 
what my data mean 
 
8 
 
8 
Nodes\\Phase 2\\Phase 2\3 
to make decisions about 
what data to collect 
3 to make decisions about 
what data to collect 
 student discusses their 
thoughts about this MLILI 
item 
6 
 
6 
Nodes\\Phase 2\\Phase 2\30 
to be confident when using 
equipment 
30 to be confident when 
using equipment 
 student discusses their 
thoughts about this MLILI 
item 
0 
 
0 
Nodes\\Phase 2\\Phase 2\31 
to learn problem solving 
skills 
31 to learn problem solving 
skills 
 student discusses their 
thoughts about this MLILI 
item 
7 
 
7 
Nodes\\Phase 2\\Phase 2\4 
to feel unsure about the 
purpose of procedures 
4 to feel unsure about the 
purpose of procedures 
 student discusses their 
thoughts about this MLILI 
item 
5 
 
6 
Nodes\\Phase 2\\Phase 2\5 
to experience moments of 
insight 
5 to experience moments of 
insight 
 student discusses their 
thoughts about this MLILI 
item 
2 
 
2 
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Coded 
 Number Of Coding 
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Nodes\\Phase 2\\Phase 2\6 
to be confused about how 
the instruments work 
6 to be confused about how 
the instruments work 
 student discusses their 
thoughts about this MLILI 
item 
1 
 
1 
Nodes\\Phase 2\\Phase 2\7 
to learn critical thinking 
skills 
7 to learn critical thinking 
skills 
 student discusses their 
thoughts about this MLILI 
item 
4 
 
4 
Nodes\\Phase 2\\Phase 2\8 
to be excited to do 
chemistry 
8 to be excited to do 
chemistry 
 student discusses their 
thoughts about this MLILI 
item 
1 
 
1 
Nodes\\Phase 2\\Phase 2\9 
to be nervous about making 
mistakes 
9 to be nervous about 
making mistakes 
 student discusses their 
thoughts about this MLILI 
item 
4 
 
4 
Nodes\\Phase 2\\Phase 
2\Thoughts on slider bar 
Thoughts on slider bar  comments about student's 
use of the slider bar answer 
format and their 
comparison to Likert scale 
8 
 
8 
Nodes\\Phase 3\\Phase 3 Phase 3  
13 
 
13 
Nodes\\Phase 3\\Phase 
3\Affective Effect 
Affective Effect  an affective reaction to a 
cognitive or psychomotor 
experience 
4 
 
5 
Nodes\\Phase 3\\Phase 
3\Attitude toward chemicals 
Attitude toward chemicals  indication of attitude 
toward chemicals whether 
it be positive, negative, or 
indifferent 
1 
 
1 
Nodes\\Phase 3\\Phase 
3\Aware of not knowing 
Aware of not knowing  content as in satisfied, the 
space in between fully 
understanding and being 
fully confused, the student 
has some idea of what's 
going on and can do yet 
they actively cannot 
demonstrate understanding 
but they don't care (I almost 
called this code contently 
ignorant), there might be 
some indication that they 
aren't 100% with not 
4 
 
5 
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 knowing but they aren't 
taking action to do 
something about it. (Name 
change 08.06.15) 
 
Nodes\\Phase 3\\Phase 
3\Big picture 
Big picture  talking about the goal or 
purpose for the experiment, 
zooming out to the big 
picture of why conducting 
this experiment 
6 
 
7 
Nodes\\Phase 3\\Phase 
3\Certain 
Certain  this would be the opposite 
of the "unsure" code, here 
student understands the 
purpose of the procedures 
and can articulate it 
10 
 
12 
Nodes\\Phase 3\\Phase 
3\Confusion 
Confusion  this would be like the 
opposite of the "insights" 
code, things that confuse 
content wise, different from 
the "unsure" code because 
that has to do with what to 
do next, this is content that 
doesn't make sense; student 
explains when they were 
confused in lab about 
chemistry content, don't 
understand results, don't 
think the results match up 
with what they expected, 
think they did everything 
right but it still doesn't 
make sense 
9 
 
22   
  
Nodes\\Phase 3\\Phase 
3\Defer responsibility 
Defer responsibility  use of "they" pronoun, 
viewing authority as all 
knowing, when student 
doesn't know answer, 
"they" (authority) will 
11 
 
22 
Nodes\\Phase 3\\Phase 
3\Difficult situations 
Difficult situations  recounting of difficult 
situations, conflict in lab, 
challenges stems with 
working with other people? 
3 
 
5 
Nodes\\Phase 3\\Phase 
3\Explaining 
Explaining  student discusses what parts 
of the experiment mean 
0 
 
0 
Nodes\\Phase 3\\Phase 
3\Explaining\Actions 
Actions  discussion and explanation 
of what they are doing on 
video, answers to the 
question "what's going on 
here?" 
13 
 
64 
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Nodes\\Phase 3\\Phase 
3\Explaining\Actions\Data 
analysis 
Data analysis  student describes doing the 
data analysis for the 
experiment 
3 
 
4 
Nodes\\Phase 3\\Phase 
3\Explaining\Actions\Data 
collection 
Data collection  describing part of the data 
collection process 
10 
 
17 
Nodes\\Phase 3\\Phase 
3\Explaining\Actions\Data 
collection\Measuring a mass 
Measuring a mass  student describes when they 
measure the mass of some 
material in the experiment 
3 
 
3 
Nodes\\Phase 3\\Phase 
3\Explaining\Actions\Data 
collection\Measuring 
volume 
Measuring volume  student describes when they 
were measuring a volume 
during the experiment 
and/or while watching their 
video 
6 
 
8 
Nodes\\Phase 3\\Phase 
3\Explaining\Actions\Descri
ption of experiment 
specifics 
Description of experiment 
specifics 
 student describes part of the 
experiment is that unique to 
that one experiment 
11 
 
26 
Nodes\\Phase 3\\Phase 
3\Explaining\Actions\Intera
ction with TA 
Interaction with TA  student describes 
interaction with TA; TA 
asking them question or 
giving comments, or 
student asking question to 
TA 
8 
 
9 
Nodes\\Phase 3\\Phase 
3\Explaining\Actions\Intera
ctions with peer 
Interactions with peer  student describes when they 
were interacting with other 
peers, this is probably with 
their partner(s) but could 
include interactions with 
other students as well; 
asking questions, 
comments, etc 
9 
 
16 
  
Nodes\\Phase 3\\Phase 
3\Explaining\Actions\Makin
g decisions 
Making decisions  student describes a time in 
lab when must make a 
decision about something 
for experiment in order to 
move forward 
10 
 
18 
Nodes\\Phase 3\\Phase 
3\Explaining\Actions\Mista
kes 
Mistakes  explaining actions in a 
situation where the student 
made a mistake during the 
experiment; also include 
"should have," "supposed 
to," etc... 
10 
 
23 
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Nodes\\Phase 3\\Phase 
3\Explaining\Actions\Mista
kes\Aware & Act 
Aware & Act  student is aware of mistake 
and does something about 
it, trying to fix, etc 
7 
 
13 
Nodes\\Phase 3\\Phase 
3\Explaining\Actions\Mista
kes\Aware & No action 
Aware & No action  student is aware of mistake 
but doesn't take action 
because they can't or 
choose not to 
3 
 
3 
Nodes\\Phase 3\\Phase 
3\Explaining\Actions\Mista
kes\Troubleshoot 
Troubleshoot  working to avoid or 
overcome a mistake 
2 
 
3 
Nodes\\Phase 3\\Phase 
3\Explaining\Actions\Mista
kes\Unaware & No action 
Unaware & No action  student comments on a 
mistake as they watch but 
during lab they didn't know 
it was a mistake 
1 
 
1 
Nodes\\Phase 3\\Phase 
3\Explaining\Actions\Prepar
ation 
Preparation  setting up for experiment, 
doing the prep work, things 
that must be done before 
data collection 
8 
 
11 
Nodes\\Phase 3\\Phase 
3\Explaining\Actions\Redo 
Redo  redoing something, going 
back to do something that 
didn't do before but should 
have; could be out of 
choice or obligation 
2 
 
2 
Nodes\\Phase 3\\Phase 
3\Explaining\Actions\Redo\
Choice 
Choice  student redoes part of 
experiment or something 
because they choose too, 
not because they are 
required; in order to 
improve or get a better 
result; this is not because of 
a mistake! 
3 
 
5 
  
Nodes\\Phase 3\\Phase 
3\Explaining\Actions\Redo\
Mistake 
Mistake  student redoes something 
because they did something 
wrong, made  mistake 
4 
 
7 
Nodes\\Phase 3\\Phase 
3\Explaining\Actions\Respo
nse to instructor 
Response to instructor  student describes action that 
was in response to 
something instructor said 
either to student or student 
overheard instructor say to 
another students 
2 
 
2 
Nodes\\Phase 3\\Phase 
3\Explaining\Actions\Transf
erring materials 
Transferring materials  pouring, filtering, some 
form of tranferring 
materials 
3 
 
3 
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Nodes\\Phase 3\\Phase 
3\Explaining\Actions\Trium
phs 
Triumphs  things that go well during 
the experiment, opposite of 
mistakes 
2 
 
2 
Nodes\\Phase 3\\Phase 
3\Explaining\Actions\Writin
g in lab notebook 
Writing in lab notebook  student describes what they 
are writing in their lab 
notebook during the 
experiment 
4 
 
8 
Nodes\\Phase 3\\Phase 
3\Explaining\Chemistry 
content 
Chemistry content  student explain the 
chemistry at work in the 
experiment, either as a 
whole or part of the 
experiment 
11 
 
51 
Nodes\\Phase 3\\Phase 
3\Explaining\Chemistry 
content\Misconceptions 
Misconceptions  scientifically inaccurate 
ideas 
2 
 
4 
Nodes\\Phase 3\\Phase 
3\Explaining\Feelings 
Feelings  student explaining how 
they felt at a certain point in 
the experiment or during a 
specific event 
12 
 
52 
Nodes\\Phase 3\\Phase 
3\Explaining\Interpretations 
Interpretations  the student's interpretation 
of what's going on in the 
experiment at the time 
5 
 
18 
Nodes\\Phase 3\\Phase 
3\Explaining\Materials 
Materials  purpose of 
materials/equipment, why 
being used, what role they 
play, etc 
11 
 
24 
Nodes\\Phase 3\\Phase 
3\Explaining\Procedure 
Procedure  student explains part of the 
procedure or a technique in 
the procedure, how it 
works, why they do it, what 
it means, etc., NOT an 
answer to "what do you 
think the purpose of this 
procedure is?" 
11 
 
38 
  
Nodes\\Phase 3\\Phase 
3\Explaining\Procedure\Extr
action 
Extraction  organic students explaining 
the extraction process 
1 
 
1 
Nodes\\Phase 3\\Phase 
3\Explaining\Thinking 
Thinking  explaining what's going in 
their heads while doing the 
experiment I feel like some 
8 
 
20 
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 of the other codes 
(intention, content, etc) 
could go under this, but 
code things specifically 
here when they don't fit in 
those others. 
 
Nodes\\Phase 3\\Phase 
3\Figure it out later 
Figure it out later  when a student doesn't 
know the answer and says 
I'll just look it up" meaning 
on the internet, not in a 
book or a scientific journal. 
or when they postpone 
thinking about an idea 
during lab or the interview 
saying they'll figure it out 
when they do the report. 
Believing they can seek out 
the answer, accept the 
answer as truth, and be fine. 
6 
 
14 
  
Nodes\\Phase 3\\Phase 
3\Focused on detail 
Focused on detail  description of doing 
something with attention 
and focus on detail (this 
could maybe go in general 
codes and not only in phase 
3) 
8 
 
12 
Nodes\\Phase 3\\Phase 
3\Insights 
Insights  'aha' moments, moments 
where they claim to be 
learning meaningful, times 
they are understanding, 
insights during the 
experiment, times when 
things 'made sense' 
7 
 
14 
  
Nodes\\Phase 3\\Phase 
3\Intention 
Intention  expressing intention for 
future action, 
reason/purpose/explanation 
for future action (or 
intention for not doing an 
action) 
9 
 
15 
Nodes\\Phase 3\\Phase 
3\Just doing 
Just doing  comment that there is 
nothing new in the 
experiment, all things done 
before, repetitive -- 
(02.20.14) changing this, 
student talks about just 
doing the experimental 
procedure with no idea 
about why or how things 
work, no thinking about 
what's going on (this fits 
with Jim's quotes but the 
techniques could be new for 
the student to not think 
about them) - could this 
also include the "nothing 
new" idea 
10 
 
28   
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Nodes\\Phase 3\\Phase 
3\Lessons learned 
Lessons learned  past experience in lab 
dictates their present 
actions 
3 
 
5 
Nodes\\Phase 3\\Phase 
3\Merit 
Merit  seeing the merit, worth in 
the experiment they did in 
lab; understanding a reason 
why they would do it in the 
lab. I've added some thing 
to this which I would 
classify as the opposite of 
merit but I didn't know 
there would be more than 
one. There are at least wo. I 
could separate them later. 
9 
 
12 
  
Nodes\\Phase 3\\Phase 
3\ML 
ML  demonstration of 
meaningful learning 
2 
 
3 
Nodes\\Phase 3\\Phase 
3\Not the norm 
Not the norm  this experiment/week is 
somehow different than the 
rest, an unusual week, 
things usually go different 
than they did today 
1 
 
1 
Nodes\\Phase 3\\Phase 
3\Overcoming obstacles 
Overcoming obstacles  description of how student 
works through problems or 
difficulties in experiment 
procedure, I want this to be 
about problem solving but I 
think I am hesitant to call it 
that because of the MLILI 
item 
6 
 
8 
  
Nodes\\Phase 3\\Phase 
3\Reactions to exp 
Reactions to exp  reaction to data, 
observations, whatever is 
going on in the experiment 
4 
 
8 
Nodes\\Phase 3\\Phase 
3\Reading lab notebook 
Reading lab notebook  comments on 
purpose/explanation of 
reading notebook, why 
doing it, how often, how it 
affect their work and 
learning 
7 
 
8 
Nodes\\Phase 3\\Phase 
3\Realization 
Realization  perso  realization that 
happens during interview, a 
change in answer due to 
response to previous 
question, from an in the 
moment self reflection 
2 
 
2 
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Hierarchical Name Name  Description Number Of Sources 
Coded 
 Number Of Coding 
References 
Nodes\\Phase 3\\Phase 
3\Self description 
Self description  classifying self as 
something (I'm good at this, 
I'm bad at that) 
7 
 
12 
Nodes\\Phase 3\\Phase 
3\Self Identified Learning 
Situations 
Self Identified Learning 
Situations 
 answer to the question "was 
there a time when you were 
learning in lab today?" or 
any other statement about a 
time the student selected as 
a learning situation, their 
own perceptions of when 
they were learning 
4 
 
7 
  
Nodes\\Phase 3\\Phase 
3\Student identified video 
clip 
Student identified video 
clip 
 student selection of video 
clip to watch based on the 
questions by the 
interviewer 
13 
 
16 
Nodes\\Phase 3\\Phase 
3\Student identified video 
clip\affective 
affective  
1 
 
1 
Nodes\\Phase 3\\Phase 
3\Student identified video 
clip\cognitive 
cognitive  experience that student 
identifies is of cognitive 
learning 
3 
 
3 
Nodes\\Phase 3\\Phase 
3\Student identified video 
clip\confusion when 
learning 
confusion when learning  student talks about time 
when they were first 
confused when asked about 
a learning experience 
2 
 
2 
Nodes\\Phase 3\\Phase 
3\Student identified video 
clip\no learning 
no learning  student says s/he didn't 
learning anything the entire 
experiment 
4 
 
5 
Nodes\\Phase 3\\Phase 
3\Student identified video 
clip\psychomotor general 
psychomotor general  experience student 
identifies is about the doing 
of chemistry in a general 
way, no specifics 
2 
 
2 
Nodes\\Phase 3\\Phase 
3\Student identified video 
clip\psychomotor specific 
psychomotor specific  the experience that the 
student identifies is a 
specific technique, setting 
up equipment, etc 
6 
 
6 
Nodes\\Phase 3\\Phase 
3\Things that help 
Things that help  talking about things that 
help the student understand 
what to do dealing with 
content or procedure, what 
resources did the student 
5 
 
6 
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Hierarchical Name Name  Description Number Of Sources 
Coded 
 Number Of Coding 
References 
 have to use during the 
experiment, what worked, 
what was the process of 
figuring it out 
 
Nodes\\Phase 3\\Phase 
3\Unsure 
Unsure  discussion of moments 
when student is unsure 
about content or procedure, 
talk about standing around 
not sure what to do next 
10 
 
33 
Nodes\\Phase 3\\Phase 
3\Video self reflection 
Video self reflection  comments on self while 
watching video 
7 
 
8 
Nodes\\Phase 3\\Purpose of 
experiment 
Purpose of experiment  answer to the question of 
what is the purpose of 
doing this experiment 
10 
 
10 
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APPENDIX K: EXAMPLES OF VISUALIZATIONS 
A variety of different visualizations were constructed to view the data generated by the 
MLLI. Here are some example plots using MLLI item 11 (to think about what the molecules are 
doing), the cognitive scale, and the cognitive scale compared to the affective scale. 
 
Histograms display the distribution of the students’ responses at one time point.
 
Scatterplots compare two variables and show the contrast in students’ responses on the post-
test versus the pre-test. On each scatterplot was drawn a y=x line to visualize increase, decrease, 
and equal responses for pre and post-tests. Boxplots show distributions of variables and allow for 
comparison between variables as well as comparison between groups of students. The 
scatterplots and boxplots together tell a more complete story of the data – the scatterplots show 
individuals change and the boxplots show the change for the entire sample. 
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Scatterplots and boxplots were used to characterize the groups of students suggested by the 
cluster analysis. In order to get a clearer picture of the characteristics of each cluster, ‘shape’ 
plots were constructed using the scatterplots, boxplots, and descriptive statistics (percentiles of 
the responses for the cluster and the frequency of those who increased or decreased their 
responses from pre to post). The shape of the plot gives the overall behavior for the cluster where 
at least 50% of the students in the cluster responded with the shape and for many cases 70-90% 
of the students in the cluster responded within the shape. The shapes were then used to look for 
patterns in responses across clusters and between clusters. 
 315 
 
 
Similar plots that were constructed for individual items were also constructed at the composite 
scale level for a course and for clusters.  
 316 
 
  
 
Scatterplots for composite variables were also constructed to compare different scales. The 
plots for affective versus cognitive assist in the comparison of those domains in the minds of the 
students. Scatterplots for affective versus cognitive were constructed both with a y=x line and 
with lines at the x=50 and y=50. The y=x lines help visualize how students view cognitive and 
affective domains – valuing one over the other. The lines at the middle of the scales help 
visualize groups of students with high and low responses in each scale. This type of visualize 
was used for the purposeful selection of participants for the qualitative study to study students 
with varying combinations of cognitive and affective perceptions of learning. The same plots 
were made for affective versus cognitive with pre and post-test averages on the same plot to help 
visualize how the variables change over time. 
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Similar plots that were constructed by course were also constructed by cluster.  
 
 
